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OF THE INVENTION 



1. Field of the Invention 

The present invention re lates to a communication system 
for transmission and rece ition of a digital signal through 
modulation of its carrier wave and demodulation of the 
modulated signal. 

2. Description of the Pr or Art 

Digital signal communk ation systems have been used in 
various fields. Particularly, digital video signal transmission 
techniques have been impioved remarkably. 

Among them is a digital TV signal transmission method. 
So far, such digital TV sij nal transmission systems are in 
particular use for transmis sion between TV stations. They 
will soon be utilized for tej restrial and/or satellite broadcast 
service in every country o r the world. 

The TV broadcast systei is including HDTV, PCM music, 
FAX, and other informalic n services are now demanded to 
increase desired data in qi lantity and quality for satisfying 
millions of sophisticated v ewers. In particular, the data has 
to be increased in a given 1 landwidth of frequency allocated 
for TV broadcast service The data to be transmitted is 
always abundant and pro vided as much as handled with 
up-to-date techniques of i te time. It is ideal to modify or 
change the existing signal ransmission system correspond- 
ing to an increase in the d ita amount with time. 

However, the TV broad :ast service is a public business 
and cannot go further with >ut considering the interests and 
benefits of viewers. It is e« sential to have any new service 
compatible with existing 1 V receivers and displays. More 
particularly, the compatibil ty of a system is much desired 
for providing both old and pew services simultaneously or 
one new service which can be intercepted by both the 
existing and advanced receivers. 

It is understood that any nbw digital TV broadcast system 
to be introduced has to be arranged for data extension in 
order to respond to future demands and technological advan- 
tages and also, for compatibility to allow the existing 
receivers to receive transmisBions. 

The expansion capability and compatible performance of 
prior art digital TV system \k\l be explained. 

A digital satellite TV systeri is known in which NTSCTV 
signals compressed to an about 6 Mbps are muitiplexed by 
time division modulation of 41PSK and transmitted on 4 to 
20 channels while HDTV siiials are carried on a signal 
channel. Another digital HDTM system is provided in which 
HDTV video data compressedlto as small as 15 Mbps are 
transmitted on a 16 or 32 Qjj^M signal through ground 
stations. 

Such a known satellite systed 
be carried on the channel by a 1 
occupying a band of frequenciq 
channels of NTSC signals. This! 
NTSC channels to be unavailable curing the transmission of 
the HDTV signal. Also, the compatibility between NTSC 
and HDTV receivers or displays Is hardly concerned and 



i permits HDTV signals to 
Conventional manner, thus 
equivalent to the same 
causes the corresponding 



data expansion capability needed for matching a future 
advanced mode is utt :rly disregarded. 

Such a common ter estrial HDTV system offers an HDTV 
service on conventior al 16 or 32 QAM signals without any 
modification. In any inalogue TV broadcast service, there 
are developed a lot of signal attenuating or shadow regions 
within its service area due to structural obstacles, geographi- 
cal inconveniences, o ■ signal interference from a neighbor 
station. When the TV signal is an analogue from, it can be 
intercepted more or If ss at such signal attenuating regions 
although its reproduce i picture is low in quality. If TV signal 
is a digital form, it can rarely be reproduced at an acceptable 
level within the regions. This disadvantage is critically 
hostile to the developi lent of any digital TV system. 



SUMMARY OF THE INVENTION 

It is an object of thi present invention, for solving the 
foregoing disadvantage!, to provide a communicadon sys- 
tem arranged for compatible use for both the existing NTSC 
and newly introduced HDTV broadcast services, particu- 
larly via satellite and alsft, for minimizing signal attenuating 
or shadow region of its service area on the grounds, 

A communication systfera according to the present inven- 
tion intentionally varies (signal points, which used to be 
disposed at uniform intervals, to perform the signal trans-, 
mission and reception. Fir example, if applied to a QAM 
signal, the communication system comprises two major 
sections: a transmitter having a signal input circuit, a modu- 
numbers of signal points, in a 
modulation of a plurality of 
using an input signal supplied 
transmitter circuit for transmit- 



lator circuit for producing 
signal vector field throuj 
out-of-phase carrier wav< 
from the input circuit, and 



ting a resultant modulated Signal; and a receiver having an 



input circuit for receiving 
lator circuit for demodulat 
QAM carrier wave, and an 
In operation, the input sig: 
of n values and a second di 
circuit of the transmitter 
carrier wave is produced r 
vector field. The m signal 
point groups to which the n vi 
assigned respectively. Also, 
are assigned to ra/n signal 
signal point group. Then, a 



modulated signal, a demodu- 
g one-bit signal points of a 
tput circuit 

containing a first data stream 
stream is fed to the modulator 
lere a modified ra-bit QAM 
[esenting m signal points in a 
juts are divided into n signal 
les of the first data stream are 
[ta of the second data stream 
^ints or sub groups of each 
iltant transmission signal is 



transmitted from the transmitter circuit. Similarly, a third 
data stream can be propagated.] 

At the p-bit demodulator ciri 
first data stream of the transn 
lated through dividing p signa 
diagram into n signal point grod 
stream is demodulated through ; 
signal points of each correspond 
reconstruction of both the first i 
the receiver is at P=n, the n signal i 
and assigned the n values for c 
tion of the first data stream. 

Upon receiving the same transd 
transmitter, a receiver equipped wifi 
and capable of large-data modulation can reproduce both the 
first and second data streams. A receiver equipped with a 
small sized antenna and capable of small-data modulation 
can reproduce the first data stream only. Accordingly, the 
compatibility of the signal transmission system will be 
ensured. When the first data stream is\an NTSC TV signal 



Lit, p>m t of the receiver, the 
lion signal if first demodu- 
i points in a signal space 
□s. Then, the second data 
^signing p/n values to p/n 
; signal point group for 
1 second data streams. If 
it groups are reclaimed 
tlation and reconstruc- 



pission signal from the 
i a large sized antenna 



or low frequency band component of an HDTV signal and 
the second data stream is a high frequency band component 
of the HDTV signal, th ; small -data modulation-receiver can 
reconstruct the NTSC TV signal and the large-data modu- 
lation receiver can rea nstruct the HDTV signal. As under- 
stood, a digital NTSC HDTV simultaneous broadcast ser- 
vice will be feasible i sing the compatibility of the signal 
transmission system o the present invention. 

More specifically, ihe communication system of the 
present invention com prises: a transmitter having a signal 
input circuit, a modulator circuit for producing m signal 
point, in a signal ve;tor field through modulation of a 
plurality of out-of-pha e carrier waves using an input signal 
supplied from the inpt t, and a transmitter circuit for trans- 
mitting a resultant modulated signal, in which the main 
procedure includes receiving an input signal containing a 
first data stream of i values and a second data stream, 
dividing the m signal j oints of the signal into n signal point 
groups, assigning the i values of the first data stream to the 
n signal point groups respectively, assigning data of the 
second data stream t< signal points of each signal point 
group respectively, anc transmitting the resultant modulated 
signal; and a receiver aaving an input circuit for receiving 
the modulated signal, ; i demodulator circuit for demodulat- 
ing p signal points of a QAM carrier wave, and an output 
circuit, in which the m rin procedure includes dividing the p 
signal points into n sij ;nal point groups, demodulating the 
first data stream of w n'ch n values are assigned to the n 
signal point groups res jectively, and demodulating the sec- 
ond data stream of wl rich p/n values are assigned to p/n 
signal points of each : ignal point group respectively. For 
example, a transmittei produces a modified m-bit QAM 
signal of which first, s ;cond, and third data streams, each 
carrying n values, arc assigned to relevant signal point 
groups with a modular r. The signal can be intercepted and 
the first data stream onl / reproduced by a first receiver, both 
the first and second dz ta streams can be reproduced by a 
second receiver, and al the first, second, and third streams 
can be reproduced by 2 third receiver. 

More particularly, a teceiver capable of demodulation of 
n-bit data can reproduce n bits from a multiple-bit modu- 
lated carrier wave carrying m-bit data where m>n, thus 
allowing the communic ition system to have compatibility 
and capability of future 1 :xtension. Also, a multi-level signal 
transmission will be pos iblc by shifting the signal points of 
QAM so that a nearest signal point to the origin point of 
I-axis and Q-axis coordinates is spaced nf from the origin 
where f is the distance qf the nearest point from each axis 
and n is more than 1. 

Accordingly, a compatible digital satellite broadcast ser- 
vice for both the NTSC aid HDTV systems will be feasible 
when the first data strearA carries an NTSC signal and the 
second data stream carries a difference signal between 
NTSC and HDTV. Hence, Ihe capability of corresponding to 
an increase in the data amount to be transmitted will be 
ensured. Also, on the ground, the service area will be 
increased while signal attenuating areas are decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieto of the entire arrangement of a 
signal transmission system phowing a first embodiment of 
the present invention; 

FIG. 2 is a block diagrafe of a transmitter of the first 
embodiment; 

FIG. 3 is a vector diagram Rowing a transmission signal 
of the first embodiment; 



FIG. 4 is a vecnr diagram showing a transmission signal 
of the first embodiment; 

FIG. 5 is a view, showing an assignment of binary codes 
to signal points ac cording to the first embodiment; 

FIG. 6 is a vie\ r showing an assignment of binary codes 
to signal point groups according to the first embodiment; 

FIG. 7 is a vie; r showing an assignment of binary codes 
to signal points in each signal point group according to the 
first embodiment; 

FIG. 8 is a vie v showing another assignment of binary 
codes to signal po int groups and their signal points accord- 
ing to the first err bodimcnt; 

FIG. 9 is a view showing threshold values of the signal 
point groups acco ding to the first embodiment; 

FIG. 10 is a vec;or diagram of a modified 16 QAM signal 
of the first embod ment; 

FIG. 11 is a giaphic diagram showing the relationship 
between antenna ladius r 2 and transmission energy ratio n 
according to the fi rst embodiment; 

FIG. 12 is view showing the signal points of a modified 
64 QAM signal oi the first embodiment; 

FIG. 13 is a gi aphic diagram showing the relationship 
between antenna r idius r 3 and transmission energy ratio n 
according to the fi st embodiment; 

FIG. 14 is a vec or diagram showing signal point groups 
and their signal poi its of the modified 64 QAM signal of the 
first embodiment; 

FIG. 15 is an ex] rtanatory view showing the relationship 
between A, and A 2 |of the modified 64 QAM signal of the 
first embodiment; 

FIG. 16 is a griph diagram showing the relationship 
between antenna radius r 2 and r 3 and transmission energy 
ratio n 16 and n M respectively according to the first embodi- 
ment; 

FIG. 17 is a blockjdiagram of a digital transmitter of the 
first embodiment; 

FIG. 18 is a signallspacc diagram of a 4 PS K modulated 
signal of the first embodiment; 

FIG. 19 is a block ^iagram of a first receiver of the first 
embodiment; 

FIG. 20 is a signal space diagram of a 4 PSK modulated 
signal of the first embodiment; 

FIG. 21 is a block diagram of a second receiver of the first 
embodiment; 

FIG. 22 is a vector diigram of a modified 16 QAM signal 
of the first embodiment! 

FIG. 23 is a vector diakram of a modified 64 QAM signal 
of the first embodiments 

FIG. 24 is a flowchartjshowing the operation of the first 
embodiment; 

FIG. 25(a) and 25(b) kre vector diagrams respectively 
showing an 8 and a 16 QAM signal of the first embodiment; 

FIG. 26 is a block diagrpm of a third receiver of the first 
embodiment; 

FIG. 27 is a view showing signal points of the modified 
64 QAM signal of the firstlembodiment; 

FIG. 28 is a flowchart shpwing another the operation of 
the first embodiment; 

FIG. 29 is a schematic viiw of the entire arrangement of 
a signal transmission system showing a third embodiment of 
the present invention; 

FIG. 30 is a block diagram \)f a first video encoder of the 
third embodiment; 



liagram of a first video decoder of the 
Jiagram of a second video decoder of 



anatory view showing a time multi- 
apd D 3 signals according to the third 



FIG. 31 is a block 
third embodiment; 

FIG. 32 is a block 
the third embodiment; 

FIG. 33 is a block c iagram of a third video decoder of the 
third embodiment; 

FIG. 34 is an exp|j 
plexing of D 2 , 
embodiment; 

FIG. 35 is an explanatory view showing another time 
multiplexing of D lt Dfa and D 3 signals according to the third 
embodiment; 

FIG. 36 is an explanatory view showing a further time 
multiplexing of D lf D lt and D 3 signals according to the third 
embodiment; 

FIG. 37 is a schem itic view of the entire arrangement of 
a signal transmission system showing a fourth embodiment 
of the present inventi )n; 

FIG. 38 is a vector liagram of a modified 16 QAM signal 
of the third cmbodim int; 

FIG. 39 is a vecto* diagram of the modified 16 QAM 
signal of the third em Mdiment; 

FIG. 40 is a vector < liagram of a modified 64 QAM signal 
of the third embodim< nt; 

FIG. 41 is a diagrarr of assignment of data components on 
a time base according to the third embodiment; 

FIG. 42 is a diagram of assignment of data components on 
a time base in TDMA iction according to the third embodi- 
ment; 

FIG. 43 is a block di igram of a carrier reproducing circuit 
of the third embodime it; 

FIG. 44 is a diagram ihowing the principle of carrier wave 
reproduction according to the third embodiment; 

FIG. 45 is a block diz gram of a carrier reproducing circuit 
for reverse modulation of the third embodiment; 

FIG. 46 is a diagrar i showing an assignment of signal 
points of the 16 QAM ignal of the third embodiment; 

FIG. 47 is a diagran showing an assignment of signal 
points of the 64 QAM signal of the third embodiment; 

FIG. 48 is a block diagram of a carrier reproducing circuit 
for 1 6x multiplication of the third embodiment; 

FIG. 49 is an explanatory view showing a time multi- 
plexing of D w , D„ lf ita, D^, D^, and D //3 signals 
according to the third embodiment; 

FIG. 50 is an explanatory view showing a TDMA time 
multiplexing of D^, D^A D^, D^, and signals 
according to the third embodiment; 
FIG. 51 is an explanatory view showing another TDMA 
~ , D m . D„, D^, D w , and 
rd embodiment; 

ving a signal interference region 
nethod according to the fourth 



time multiplexing of the ] 
signals according to the 1 

FIG. 52 is a diagram sho^ 
in a known transmission 
embodiment; 

FIG. 53 is a diagram shofc 
in a multi-level signal transrj 
fourth embodiment; 

FIG. 54 is a diagram sho^ 
in the known transmission i 
embodiment; 

FIG. 55 is a diagram shov 
in the multi-level signal I 
the fourth embodiment; 

FIG. 56 is a diagram showink a signal interference region 
between two digital TV stations according to the fourth 
embodiment; 



ng signal interference regions 
lission method according to the 

ng signal attenuating regions 
od according to the fourth 

j signal attenuating regions 
lission method according to 



diagram of a TV receiver of the fifth 
diagram of another TV receiver of the 



FIG. 57 is a dugram showing an assignment of signal 
points of modified 4 ASK signal of the fifth embodiment; 

FIG. 58 is a diagram showing another assignment of 
signal points of the modified 4 ASK signal of the fifth 
embodiment; 

FIGS. 59(c) and 59(b) are diagrams showing assignment 
of signal points of the modified 4 ASK signal of the fifth 
embodiment and FI 3S. 59(c) and 59(d) are diagrams respec- 
tively showing the slice levels of the modulated 4 ASK 
signal in subchannt Is 1 and 2; 

FIG. 60 is a di igram showing another assignment of 
signal points of tie modified 4 ASK signal of the fifth 
embodiment when he C/N rate is low; 

FIG. 61 shows a ' - and 8-level VSB transmitter according 
to the fifth embodirnent of the invention; 

FIG. 62(a) is a w! ive spectrum diagram of the ASK signal, 
i.e., a multi-value 1 fSB signal before filtering, in the fifth 
embodiment of the invention and FIG. 62(b) is a wave 
spectrum diagram s lowing the characteristics of the filtered 
VSB signal; 

FIG. 63 is a blod: diagram of a 4-, 8- f and 16-level VSB 
receiver in the fifth embodiment of the invention; 

FIG. 64 is a bloc : diagram of a video signal transmitter 
of the fifth embodirj lent; 

FIG. 65 is a bloci < 
embodiment; 

FIG. 66 is a block|< 
fifth embodiment; 
FIG. 67 is a bloc] : diagram of a satellite-to-ground TV 
i embodiment; 
;vel VSB constellation map in the fifth 
and sixth embodimer ts of the invention; 
FIG. 6S(b) is an 8-lisvel VSB constellation map in the fifth 
i|s of the invention; 
-level VSB signal-time waveform 
diagram in the fifth anti sixth embodiments of the invention; 

FIG. 69 is a block diagram of a video encoder of the fifth 
embodiment; I 

FIG. 70 is a block dmgram of a video encoder of the fifth 
embodiment containing one divider circuit; 

FIG. 71 is a block diagram of a video decoder of the fifth 
embodiment; 1 

FIG. 72 is a block diagram of a video decoder of the fifth 
embodiment containing one mixer circuit; 

FIG. 73 is a diagram showing a time assignment of data 
components of a transmission signal according to the fifth 
embodiment; 

FIG. 74(a) is a block diagram of a video decoder of the 
fifth embodiment; 

FIG. 74(b) is a diagram showing another time assignment 
of data components of the \ransmission signal according to 
the fifth embodiment; 

FIG. 75 is a diagram shot 
components of a transmissiq 
embodiment; 

FIG. 76 is a diagram shov 
components of a transmission 1 
embodiment; 

FIG. 77 is a diagram showL 
components of a transmission 
embodiment; \ 

FIG. 78 is a block diagram of a video decoder of the fifth 
embodiment; 



receiver of the fifth 
FIG. 68(a) is an 8-1 
id sixth embodimer 
FIG. 68(6)isan8-li 
and sixth embodimen 
FIG. 68(c) is 



ing a time assignment of data 
signal according to the fifth 

\ng a time assignment of data 
i signal according to the fifth 



; a time assignment of data 
signal according to the fifth 



FIG. 79 is a diagram showing a time assignment of data 
components of a three-U vel transmission signal according to 
the fifth embodiment; 

FIG. 80 is a block diaj ram of another video decoder of the 
fifth embodiment; 

FIG. 81 is a diagram ihowing a time assignment of data 
components of a transm ssion signal according to the fifth 
embodiment; 

FIG. 82 is a block diigram of a video decoder for Dj 
signal of the fifth emboc iment; 

FIG. 83 is a graphic liagram showing the relationship 
between frequency and time of a frequency modulated 
signal according to the fi Wi embodiment; 

FIG. 84 is a block diagi am of a magnetic record/playback 
apparatus of the fifth embodiment; 

FIG. 85 is a graphic diagram showing the relationship 
between C/N and level ac< ording to the second embodiment; 

FIG. 86 is a graphic (iiagram showing the relationship 
between C/N and transmission distance according to the 
second embodiment; 

FIG. 87 is a block diagr im of a transmission of the second 
embodiment; 

FIG. 88 is a block dia >ram of a receiver of the second 
embodiment; 

FIG. 89 is a graphic c iagram showing the relationship 
between C/N and error rate according to the second embodi- 
ment; 

FIG. 90 is a diagram sr owing signal attenuating regions 
in the three-level transmis iion of the fifth embodiment; 

FIG. 91 is a diagram showing signal attenuating regions 
in the four-level transmiss; on of a sixth embodiment; 

FIG. 92 is a diagram shewing the four-level transmission 
of the sixth embodiment; 

FIG. 93 is a block diagram of a divider of the sixth 
embodiment; 

FIG. 94 is block diagram 
ment; 

FIG. 95 is a diagram sh( wing another four-level trans- 
mission of the sixth embodiment; 

FIG. 96 is a view of signallpropagation of a known digital 
TV broadcast system; I 

FIG. 97 is a view of signal propagation of a digital TV 
broadcast system according to the sixth embodiment; 

FIG. 98 is a diagram showing a four-level transmission of 
the sixth embodiment; 1 

FIG. 99 is a vector diagram jpf a 16 SRQAM signal of the 
third embodiment; 1 

FIG. 100 is a vector diagram bf a 32 SRQAM signal of the 
third embodiment; 1 

FIG. 101 is a graphic diagram showing the relationship 
between C/N and error rake according to the third embodi- 
ment; 1 

FIG. 102 is a graphic diagram showing the relationship 
between C/N and error rate according to the third embodi- 
ment; 1 

FIG. 103 is a graphic diagram showing the relationship 
between shift distance n and cM needed for transmission 
according to the third embodiment; 

FIG. 104 is a graphic diagram showing the relationship 
between shift distance n and C/Nlneeded for transmission 
according to the third embodiment! 

FIG. 105 is a graphic diagram snowing the relationship 
between signal level and distance from a transmitter antenna 



of a mixer of the sixth embodi* 
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in terrestrial broadcast service according to the third 
embodiment; 

FIG. 106 is a diagram showing a service area of the 32 
SRQAM signal of the third embodiment; 

FIG. 107 is a diagram showing a service area of the 32 
SRQAM signal of the third embodiment; 

FIG. 108(a) is a diagram showing a frequency distribution 
profile of a conventional TV signal; 
FIG. 108(6) is a diagram showing a frequency distribution 
' profile of a conventional two-layer TV signal; 

FIG. 108(c) is a diagram showing threshold values of the 
third embodiment; 

FIG. 108(</) is a diagram showing a frequency distribution 
profile of two-layer OFDM carriers of the ninth embodi- 
ment, and FIG. 108(f) is a diagram showing threshold 
values for three-layer OFDM of the ninth embodiment; 

FIG. 109 is a diagram showing a time assignment of the 
TV signal of the third embodiment; 

FIG. 110 is a diagranj showing a principle of C-CDM of 
the third embodiment; 

FIG. Ill is a view knowing an assignment of codes 
according to the third embodiment; 

FIG. 112 is a view showing an assignment of an extended 
36 QAM according to thb third embodiment; 
W FIG. 113 is a view showing a frequency assignment of a 

yp modulation signal accordmg to the fifth embodiment; 

ffj FIG. 114 is a block diairam showing a magnetic record- 

~ ing/playback apparatus according to the fifth embodiment; 

TI FIG. 115 is a block aiagram showing a transmitter/ 

=?= receiver of a portable telephone according to the eighth 

O embodiment; 
i|_~J FIG. 116 is a block diagrahi showing base stations accord- 

r"j ing to the eighth embodiment; 

FIG. 117 is a view illustrating communication capacities 
^ and traffic distribution of a conventional system; 

%J FIG. 118 is a view illustrating communication capacities 

flj and traffic distribution according to the eighth embodiment; 

- — \ 

Q FIG. 119(a) is a diagram showing a time slot assignment 

of a conventional system; | 

FIG. 119(6) is a diagram showing a time slot assignment 
according to the eighth embodiment; 

FIG. 120(a) is a diagram showing a time slot assignment 
of a conventional TDMA system; 

FIG. 120(6) is a diagram showing a time slot assignment 
according to a TDMA system of the eighth embodiment; 

FIG. 121 is a block diagram snowing a one-level trans- 
mitter/receiver according to the eighth embodiment; 

FIG. 122 is a block diagram showing a two-level trans- 
mitter/receiver according to the eighth embodiment; 

FIG. 123 is a block diagram showing an OFDM type 
transmitter/receiver according to thej ninth embodiment; 

FIG. 124 is a view illustrating a principle of the OFDM 
system according to the ninth embodiment; 

FIG. 125(a) is a view showing a frequency assignment of 
a modulation signal of a conventionalfsystem; 

FIG. 125(6) is a view showing a frequency assignment of 
a modulation signal according to the ninth embodiment; 

FIG. 126(a) is a view showing a frequency assignment of 
an OFDM signal of the ninth embodiment, wherein no 
weighting is applied; \ 

FIG. 126(6) is a view showing a frequency assignment of 
an OFDM signal of the ninth embodiment, wherein two 
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channels of two-laVer OFDM are weighted by transmission 
electric power; 1 

FIG. 126(c) is a view showing a frequency assignment of 
an OFDM signal of the ninth embodiment, wherein carrier 
intervals are doubldd by weighting; 

FIG. 126(d) is a view showing a frequency assignment of 
an OFDM signal oflthe ninth embodiment, wherein carrier 
intervals are not weighted; 

FIG. 127 is a Mock diagram showing a transmitter/ 
receiver according to the ninth embodiment; 

FIG. 128(a) is a block diagram of a trellis encoder (ratio 
Yi) in embodiments 2, 4, and 5, 

FIG. 128(b) is a block diagram of a trellis encoder (ratio 
%) in embodiments 2, 4, and 5 f 

FIG. 128(c) is a blick diagram of a trellis encoder (ratio 
3 A) in embodiments 21 4, and 5, 

FIG. 128(4) is a bidck diagram of a trellis decoder (ratio 
{ A) in embodiments 2,14, and 5, 

FIG. 128(e) is a block diagram of a trellis decoder (ratio 
Vy) in embodiments 2, U, and 5, 

FIG. 128(/) is a block diagram of a trellis decoder (ratio 
Va) in embodiments 2, 4, and 5; 

FIG. 129 is a view showing a time assignment of effective 
symbol periods and guard intervals according to the ninth 
embodiment; \ 

FIG. 130 is a graphic diagram showing a relationship 
between C/N rate and ftrror rate according to the ninth 
embodiment; I 

FIG. 131 is a block diagram showing a magnetic record- 
ing/playback apparatus according to the fifth embodiment; 

FIG. 132 is a view showing a recording format of track on 
the magnetic tape and a travelling of a head; 

FIG. 133 is a block diagram showing a transmitter/ 
receiver according to the tmrd embodiment; 

FIG. 134 is a diagram shewing a frequency assignment of 
a conventional broadcasting! 

FIG. 135 is a diagram snbwing a relationship between 
service area and picture quality in a three-level signal 
transmission system according to the third embodiment; 

FIG. 136 is a diagram showmg a frequency assignment in 
case the multi-level signal transmission system according to 
the third embodiment is combmed with FDM; 

FIG. 137 is a block diagram showing a transmitter/ 
receiver according to the third embodiment, in which Trellis 
encoding is adopted; I 

FIG. 138 is a block diagrarh showing a transmitter/ 
receiver according to the ninth entoodiment, in which a part 
of low frequency band signal is tknsmittcd by OFDM; 

FIG. 139 is a diagram showinglan assignment of signal 
points of the 8-PS-APSK signal oflthe first embodiment; 

FIG. 140 is a diagram showing an assignment of signal 
points of the 16-PS-APSK signal on the first embodiment; 

FIG. 141 is a diagram showing an assignment of signal 
points of the 8-PS-PSK signal of tha first embodiment; 

FIG. 142 is a diagram showing am assignment of signal 
points of the 1 6-PS-PSK (PS type) sigrkl of the first embodi- 
ment; \ 

FIG. 143 is a graphic diagram showing the relationship 
between antenna radius of satellite andttransmission capac- 
ity according to the first embodiment; \ 

FIG. 144 is a block diagram showing\a weighted OFDM 
transmitter/receiver according to the ninth embodiment; 
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FIG. 145(a) is a diagram showing the waveform of the 
guard time and the symbol time in the multi-level OFDM 
according to the ninth; embodiment, wherein multipath is 
short; 

FIG. 145(b) is a diaferam showing the waveform of the 
guard time and the symbol time in the multi-level OFDM 
according to the ninth {embodiment, wherein multipath is 
long; 

FIG. 146 is a diagrarb showing a principle of the multi- 
level OFDM according to the ninth embodiment; 

FIG. 147 is a diagram (showing subchannel assignment of 
a two-layer signal transmission system, weighted electric 
power according to the ninth embodiment; 

FIG. 148 is a diagran i showing relationship among the 
D/V ratio, the multipatl delay time, and the guard time 
according to the ninth ei ibodiment; 

FIG. 149(a) is a diagra n showing time slots of respective 
layers according to the n nth embodiment; 

FIG. 149(b) is a diag am showing time distribution of 
guard times of respective layers according to the ninth 
embodiment; 

FIG. 149(c) is a diagr im showing time distribution of 
guard times of respective layers according to the ninth 
embodiment; 

howing the relationship between 
nsfer rate according to the ninth 
tree-layer signal transmission 
; and 

owing the relationship between 
I ratio according to the ninth 
Ifmensional, matrix type, multi- 
; realized by combining the 



FIG. 150 is a diagram i 
multipath delay time and t 
embodiment, wherein a 
effective to multipath is rei 

FIG. 151 is a diagram sti 
multipath delay time and < 
embodiment, wherein two-< 
layer broadcast service canll 



a frequency distribution 
i the ninth embodiment; 
[ the time axis of a 3-level 

ch time slot when guard 
ftment is combined with 



GTW-OFDM and the C-CDM (or the CSW-OFDM). 

FIG. 152 is a timing chart of a 3-level hierarchical 
television signal at each time \lot when GTW-OFDM of the 
ninth embodiment is combined with C-CDM (or CSW- 
OFDM); 

FIG. 153 shows the relationship between the multipath 
signal delay time, C/N ratio, and transmission rate when 
GTW-OFDM of the ninth embodiment is combined with 
C-CDM (or CSW-OFDM), aid is used to describe the 
hierarchical broadcasting method using three-dimensional 
matrix structure; 

FIGS. 154A-C together for 
graph of power weight OFDM i 

FIG. 155 shows the position or} 
hierarchical television signal at < 
time-OFDM of the ninth embod 
C-CDM; 

FIG. 156 is a block diagram oflthe transmitter and the 
receiver in the fourth and fifth embodiments of the inven- 
tion; 

FIG. 157 is a block diagram of ihc transmitter and the 
receiver in the fourth and fifth embodiments of the inven- 
tion; 

FIG. 158 is a block diagram of thfc transmitter and the 
receiver in the fourth and fifth embodiments of the inven- 
tion; 

FIG. 159(a) is a signal point positioning diagram in 
16-level VSB in the fifth embodiment of the invention; 

FIG. 159(6) is a signal point positioning (8-level VSB) 
diagram in 16-level VSB in the fifth embodiment of the 
invention; 

FIG. 159(c) is a signal point positioning (4-level VSB) 
diagram in 16-level VSB in the fifth embodiment of the 
invention; 
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FIG. 159(d) i ► a signal point positioning (16-lcvcl VSB) 
diagram in 16-hvel VSB in the fifth embodiment of the 
invention; 

FIG. 160(a) is a block diagram of an ECC encoder in the 
fifth and sixth embodiments of the invention; 

FIG. 160(6) is a block diagram of an ECC decoder in the 
fifth and sixth ei nbodimcnts of the invention; 

FIG. 161 is an overall block diagram of a VSB receiver in 
the fifth embodinent of the invention; 

FIG. 162 is a I >lock diagram of a the receiver in the fifth 
embodiment of tjie invention; 

aph of the error rate and C/N ratio curve 
d TC-8-level VSB in the fourth embodi- 
on; 

error rate curve of subchannel 1 and 
level VSB and TC-8-level VSB in the 
fourth embodiment of the invention; 

FIG. 165(a) is a block diagram of the Reed-Solomon 
encoder in the secopd, fourth, and fifth embodiments of the 
invention; 

FIG. 165(6) is 
decoder in the secor) 
invention; 

FIG. 166 is a flowchart of Reed-Solomon error correction 
and operation in the spcond, fourth and fifth embodiments of 
the invention; 

FIG. 167 is a bloclc diagram of the deintcrlcaver in the 
second, third, fourth,] fifth and sixth embodiments of the 
invention; 

^nterleave/deinterleave table for the 
nd fifth embodiments of the inven- 



FIG. 163 is a 
in 4-level VSB 
ment of the inve; 

FIG. 164 is 
subchannel 2 in 



| block diagram of the Reed-Solomon 
d, fourth, and fifth embodiments of the 



.FIG. 168(a) is an 
second, third, fourth, ; 
tion; 

FIG. 168(6) shows 1 
third, fourth, and fifth i 
FIG. 169 is a compa 



i of the receiver and transmit- 
, and fifth embodiments of the 

I of an ASK magnetic record- 
lis according to the sixth 



qe interleave distance in the second, 
nbodiments of the invention; 
Ison of redundancy in 4-level VSB, 
8-level VSB, and 16-lev^l VSB in the fifth embodiment of 
the invention; 

FIG. 170 is a block dilgram of a television receiver for 
receiving the high priority signal of the second, third, fourth, 
and fifth embodiments of the invention; 

FIG. 171 is a block diagram of the receiver and transmit- 
ter in the second, third, fouijfh, and fifth embodiments of the 
invention; 

FIG. 172 is a block diagrsl 
ter in the second, third, fourtq 
invention; and 

FIG. 173 is a block diagr 
ing and reproducing appa 
embodiment of the invention; \ 

FIG. 174 is a block diagram showing a circuitry arrange- 
ment of QAM/VSB compatible modulator for multi-level 
transmission according to Embodiment 5. 

FIG. 175 is a block diagramtshowing another circuitry 
arrangement of the QAM/VSB Vnodulator for multi-level 
transmission according to Embodiment 5. 

FIG. 176 illustrates a third modification of the QAM/VSB 
modulator of Embodiment 5. 

FIG. 177 is a block diagram shoeing a Trellis decoder in 
the demodulator of Embodiment 5.1 

FIG. 178 is a block diagram of a receiver of Embodiment 
5 for interception of VSB multi-leyel transmitted signals 
emitted in the air. 

FIG. 179 is illustrates another arrangement of the QAM/ 
VSB compatible receiver of Embodiment 5. 
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DETAILED DESCRIPTION OF THE 
PREFEF RED EMBODIMENTS 



EMBODIMENT 1 



One embodiment 
described referring to 



of the present invention will be 
the relevant drawings. 
In the preferred eijibodiment of the invention both the 
transmission apparati s t which comprises a transmitter for 
HDTV signal or other digital signal 
and a receiver for receiving the transmitted signal, and the 
recording and reproducing apparatus, which records the 
digital HDTV signal tyr other digital signal on a magnetic 
tape or other recordinglmedium and reproduces the recorded 
signal from said medium, are described. 

It should be noted, however, that the configuration, opera- 
tion, and principle of thfe digital modulator and demodulator, 
error correction encoder and decoder, and the encoder and 
decoder for image coding the HDTV signal are common to 
the transmission apparatus and the recording and reproduc- 
ing apparatus, and apply essentially the same technologies. ' 
Therefore, to more concisely describe each embodiment, the 
block diagrams for either the transmission apparatus or the 
recording and reproducing apparatus arc referenced in the 
description of each embodiment In addition, the configu- 
ration of each embodiment of the invention can be achieved 
by means of any multi-value digital modulation method, 
e.g., QAM, ASK and PSK, positioning signal points in a 
constellation, and for brevity the embodiments of the present 
invention are described using only one modulation method. 
FIG. 1 shows the entire arrangement of a signal transmission 
system according to the first embodiment of the present 
mprises an input unit 2, divider 
a transmitter unit 5. In opera- 
ignal is divided by the divider 
first data stream Dl, a second 
data stream and, a third ddta stream D3, which are then 
modulated by the modulator » before being transmitted from 
the transmitter unit 5. The modulated signal is sent up from 
an antenna 6 through an uplink 7 to a satellite 10 where it is 
intercepted by an uplink antenna 11 and amplified by a 
transponder 12 before being ^transmitted from a downlink 
antenna 13 towards the ground. 

The transmission signal is then sent down through three 
downlinks 21, 32, and 41 to a' first 23, a second 33, and a 
third receiver 43 respectively. ^In the first receiver 23, the 
signal intercepted by an antenna 22 is fed through an input 
unit 24 to a demodulator 25 where its first data stream only 
is demodulated, while the seconfa and third data streams are 
not recovered, before being transmitted further from an 
output unit 26. \ 

Similarly, the second receiver 33 allows the first and 
second data streams of the signal intercepted by an antenna 
32 and fed from an input unit 34^ to be demodulated by a 
demodulator 35 and then, combined by a mixer 37 into a 
single data stream which is then transmitted further from an 
output unit 36. I 

The third receiver 43 allows all of the first, second, and 
third data streams of the signal intercepted by an antenna 42 
and fed from an input unit 44 tome demodulated by a 
demodulator 45 and then, combinedlby a mixer 47 into a 
single data stream which is then transmitted further from an 
output unit 46. 

As understood, the three discrete receivers 23, 33, and 43 
have their respective demodulators of flifferent characteris- 
tics such that their outputs demodulated from the same 



invention. A transmitter 1 < 
circuit 3, a modulator 4, 
tion, each input multiplex i 
circuit 3 into three groups, 
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frequency band signal of the transmitter 1 contain data of 
different sizes. More particularly, three different but com- 
patible data can simultaneously be carried on- a given 
frequency band signil to their respective receivers. For 
example, each of thr< e, existing NTSC, HDTV, and super 
HDTV, digital signal! is divided into low, high, and super 
high frequency band :omponents which represent the first, 
the second, and the tnird data stream respectively. Accord- 
ingly, the three different TV signals can be transmitted on a 
one-channel frequency band carrier for simultaneous repro- 
duction of medium, high, and super high resolution TV 
images respectively. 

The NTSC TV sigr al is intercepted by a receiver accom- 
panied by a small ant :nna for demodulation of small-sized 
data; the HDTV signa 1 is intercepted by a receiver accom- 
panied by a medium a itenna for demodulation of medium- 
sized data, and the su >er HDTV signal is intercepted by a 
receiver accompanied jy a large antenna for demodulation 
of large-sized data. Al »o, as illustrated in FIG. 1, a digital 
NTSC TV signal cont lining only the first data stream for 
digital NTSC TV bro: dcasting service is fed to a digital 
transmitter 51 where it is received by an input unit 52 and 
modulated by a demo< lulator 54 before being transmitted 
further from a transmitt ;r unit 55. The demodulated signal is 
then sent up from an an :enna 56 through an uplink 57 to the 
satellite 10 which in um transmits the same through a 
downlink 58 to the firsl receiver 23 on the ground. 

The first receiver 23 c emodulates with its demodulator 25 
the modulated digital signal supplied from the digital trans- 
mitter 51 into the origin; 1 first data stream signal. Similarly, 
the same modulated dij ital signal can be intercepted and 
demodulated by the secc nd receiver 33 or third receiver 43 
into the first data stream or NTSC TV signal. In summary, 
the three discrete receives 23, 33, and 43 all can intercept 
and process a digital sigpal of the existing TV system for 
reproduction. 

The arrangement of thelsignal transmission system will be 
described in more detail.! 

FIG. 2 is a block diagratn of the transmitter 1, in which an 
input signal is fed across tne input unit 2 and divided by the 
divider circuit 3 into threa digital signals containing a first, 
a second, and a third data! stream respectively. 

Assuming that the inpui signal is a video signal, its low 
frequency band component is assigned to the first data 
stream, its high frcqucncylband component to the second 
data stream, its super-high frequency band component to the 
third data stream. The three Different frequency band signals 
are fed to a modulator inpui 61 of the modulator 4. Here, a 
signal point shifting rircum67 shifts the positions of the 
signal points according to ari externally given signal. The 
modulator 4 is arranged forlamplitude modulation on two 
90°-out-of phase carriers respectively which are then com- 
bined into a mulu'ple QAMlsignal. More specifically, the 
signal from the modulator inpjut 61 is fed to both a first AM 
modulator 64 and a second AM modulator 63. Also, a carrier 
wave of cos(27rfct) producedlby a carrier generator 64 is 
directly fed to the first AM midulator 64 and also, to a n/2 
phase shifter 66 where it isl90° shifted in phase to a 
sin(2nfct) form prior to being transmitted to the second AM 
modulator 63. The two amplitude modulated signals from 
the first and second AM modulators 64, 63 are combined by 
a summer 65 into a transmission signal which is then 
transferred to the transmitter urfct 5 for output. The proce- 
dure is well known and will nod be further explained. 

The QAM signal will now be described in a common 4x4 
or 16 state constellation referring to the first quadrant of a 
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space diagram in IjIG. 3. The output signal of the modulator 
4 is expressed by , sum vector of two, Acos2jrfct and Bcos 
2rtfct, vectors 81 ind,82 which respectively represent the 
two 90°-out-of-ph isc carriers. When the distal point of a 
sum vector from tr c zero point represents a signal point, the 
16 QAM signal las 16 signal points determined by a 
combination of foi r horizontal amplitude values a l( a 2 , a 3 , 
and a 4 and four vei :ical amplitude values b lf b 2 , b 3 , and b 4 . 
The first quadrant i i FIG. 3 contains signal points 83 at c n , 
84 at c 12 , 85 at c 22 , and 86 at c^. 

c u is a sum vect >r of a vector 0-a, and a vector 0-bj and 
thus, expressed as c u =a 1 cos27cfct-b 1 sin2jcfct=Acos (2jrfct+ 

d7t/2). 

It is now assumec that the distance between 0 and aj in the 
orthogonal coordinates of FIG. 3 is A x , between a ; and is 
A 2 , between 0 and >j is B It and between b t and is B 2 . 

As shown in FIG 4, the 16 signal points are allocated in 
a vector coordinate, : n which each point represents a four-bit 
pattern thus to allov ' the transmission of four bit data per 
period or time slot. 

FIG. 5 illustrates \ common assignment of two-bit pat- 
terns to the 16 signa points. 

When the distance between two adjacent signal points is 
great, it will be iden ified by the receiver with much ease. 
Hence, it is desirabh to space the signal points at greater 
intervals. If two partit ular signal points are allocated near to 
each other, they are ra 'ely distinguished the error rate will be 
increased. Therefore, t is most preferable to have the signal 
points spaced at equal intervals as shown in FIG. 5, in which 
the 16 QAM signal is defined by A^Aj/2. 

The transmitter 1 of the embodiment is arranged to divide 
an input digital signal nto a first, a second, and a third data 
or bit stream. The 16 signal points or groups of signal points 
are divided into four gi aups. Then, 4 two-bit patterns of the 
first data stream are assigned to the four signal point groups 
respectively, as shown 1 i FIG. 6. More particularly, when the 
two-bit pattern of the first data stream is 11, one of four 
signal points of the first signal point group 91 in the first 
quadrant is selected depending on the content of the second 
data stream for transmission. Similarly, when 01, one signal 
point of the second signal point group 92 in the second 
quadrant is selected and transmitted. When 00, one signal 
point of the third signal pbint group 93 in the third quadrant 
is transmitted and when 10, one signal point of the fourth 
signal point group 94 in the fourth quadrant is transmitted. 
Also, 4 two-bit patterns inlthe second data stream of the 16 
QAM signal, or e.g. 16 four-bit patterns in the second data 
stream of a 64-state QAM signal, are assigned to four signal 
points or sub signal point groups of each of the four signal 
point groups 91, 92, 93, and 94 respectively, as shown in 
FIG. 7. It should be understood that the assignment is 
symmetrical between any two quadrants. The assignment of 
the signal points to the foul groups 91, 92, 93, and 94 is 
determined by priority to the two-bit data of the first data 
stream. As the result, two-bit clata of the first data stream and 
two-bit data of the second data stream can be transmitted 
independently. Also, the first Wata stream will be demodu- 
lated using a common 4 PSK receiver having a given 
antenna sensitivity. If the antenna sensitivity is higher, a 
modified type of the 16 QAM receiver of the present 
invention will intercept and demodulate both the first and 
second data stream with equal success. 

FIG. 8 shows an example of trfe assignment of the first and 
second data streams in two-bit patterns. 

When the low frequency band component of an HDTV 
video signal is assigned to the firj^t data stream and the high 
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frequency component to the second data stream, the 4 PSK 
receiver can produce an NTSC-level picture from the first 
data stream anil the 16- or 64-state QAM receiver can 
produce an HDTV picture from a composite reproduction 
signal of the first and second data streams. 

Since the signal points are allocated at equal intervals, 
there is develope I in the 4 PSK receiver a threshold distance 
between the coot dinate axes and the shaded area of the first 
quadrant, as sho vn in FIG. 9. If the threshold distance is 
A TO , a PSK sigr al having an amplitude of A TO will suc- 
cessfully be inter :epted. However, the amplitude has to be 
increased to a thi :c times greater value or 3A ro for trans- 
mission of a 16 QAM signal while the threshold distance 
A TO is maintained) More particularly, the energy needed for 
transmitting the 16 QAM signal is nine times greater than 
that for sending tile 4 PSK signal. Also, when the 4 PSK 
signal is transrmttep in a -16 QAM mode, energy waste will 
be high and reproduction of a carrier signal will be trouble- 
some. Above all, trie energy available for satellite transmit- 
ting is not abundaAt but strictly limited to minimum use. 
Hence, no large-endrgy-consuming signal transmitting sys- 
tem will be put into! practice until more energy for satellite 
transmission is available. It is expected that a great number 
of the 4 PSK receivers will be introduced into the market as 
digital TV broadcastmg is placed in service. After introduc- 
tion to the market, tha4 PSK receivers will hardly be shifted 
to higher sensitivity models because a signal intercepting 
characteristic gap between the two, old and new, models is 
high. Therefore, the transmission of the 4 PSK signals must 
not be abandoned. In this respect, a new system is desper- 
ately needed for transmitting the signal point data of a quasi 
4 PSK signal in the 16 QAM mode using less energy. 
Otherwise, the limited! energy at a satellite station will 
degrade the entire transmission system. 

The present invention resides in a multiple signal level 
arrangement in which trap four signal point groups 91, 92, 
93, and 94 are allocated ai a greater distance from each other, 
as shown in FIG. 10, for minimizing the energy consumption 
required for 16 QAM modulation of quasi 4 PSK signals. 

For clearing the relationship between the signal receiving 
sensitivity and the transmitting energy, the arrangement of 
the digital transmitter 51 ind the first receiver 23 will be 
described in more detail referring to FIG. 1. 

Both the digital transmitter 51 and the first receiver 2 3 are 
formed of known types for data transmission or video signal 
transmission e.g. in TV broadcasting service. As shown in 
FIG. 17, the digital transmitter 51 is a 4 PSK transmitter 
equivalent to the muItiplc-bitvQAM transmitter 1, shown in 
FIG. 2, without AM modulation capability. In operation, an 
input signal is fed through ananput unit 52 to a modulator 
54 where it is divided by a rrbdulator input 121 into two 
components. The two components are then transferred to a 
first two-phase modulator circuit 122 for phase modulation 
of a base carrier and a second two-phase modulator circuit 
123 for phase modulation of a carrier which is 90° out of 
phase with the base carrier respectively. The two outputs of 
the first and second two-phase modulator circuits 122 and 
123 are then combined by a summer 65 into a composite 
modulated signal which is further yansmitted from a trans- 
mitter unit 55. 

The resultant modulated signal \is shown in the space 
diagram of FIG. 18. 

It is known that the four signal poiks are allcated at equal 
distances for achieving optimum energy utilization. FIG. 18 
illustrates an example where the four signal points 125, 126, 
127, and 128 represent 4 two-bit patterns, 11, 01, 00, and 10 
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respectively. It is also desirable for successful data transfer 
from the digital transmitter 51 to the first receiver 23 that the 
4 PSK signal from the [digital transmitter 51 has an ampli- 
tude of not less than a jjiven level. More specifically, when 
the minimum amplitude of the 4 PSK signal needed for 
transmission from the digital transmitter 51 to the first 
receiver 23 of 4 PSK mode, or the distance between 0 and 
a, in FIG. 18 is A TO , th i first receiver 23 must successfully 
intercept any 4 PSK sigi ial having an amplitude of more than 



is arranged to receive at its small- 
desired or 4 PSK signal which is 



The first receiver 23 
diameter antenna 22 a 

transmitted from the transmitter 1 or digital transmitter 51 
respectively through th* transponder 12 of the satellite 10 
and demodulate it with the demodulator 24. In more detail, 
the first receiver 23 is substantially designed for interception 
of a digital TV or data communications signal of 4 PSK or 
2 PSK mode. 

FIG. 19 is a block diagram of the first receiver 23 in which 
an input signal received By the antenna 22 from the satellite 
12 is fed through the input unit 24 to a carrier reproducing 
circuit 131 where a carriej* wave is demodulated and to a ti/2 
phase shifter 132 where a©0 o phase carrier wave is demodu- 
lated. Also, two 90°-out-of-phase components of the input 
signal are respectively detected by a first phase detector 
circuit 133 and a second Ahase detector circuit 134 and are 
|p respectively transferred td first 136 and second discrimina- 

■ v f\ tion/demodulation circuits 136 and 137. Two demodulated 

components from their respective discrimination/demodula- 
tion circuits 136 and 13ff, which have separately been 
discriminated at units of time slot by means of timing signals 
jg from a timing wave extracting circuit 135, are fed to a first 

X data stream reproducing unit 232 where they are combined 

into a first data stream signal which is then delivered as an 
yj output from the output unit 26. 

%J The input signal to the \ first receiver 23 will now be 

explained in more detail referring to the vector diagram of 
^ FIG. 20. The 4 PSK signal received by the first receiver 23 

L=* from the digital transmitter 51 is expressed in an ideal form 

Oj without transmission distortion and noise, using four signal 

points 151, 152, 153, and 15^, as shown in FIG. 20. 
In practice, the real four signal points appear in particular 
Hh- extended areas about the ideal signal positions 151, 152, 

dp 153, and 154 respectively due to noise, amplitude distortion, 

, ft and phase error developed during transmission. If one signal 

^ point is unfavorably displaced from its original position, it 

will hardly be distinguished from its neighboring signal 
point and the error rate will thus be increased. As the error 
rate increases to a critical level, the reproduction of data 
becomes less accurate. For enabling the data reproduction at 
a maximum acceptable level of| the error rate, the distance 
between any two signal points should be far enough, to be 
distinguished from each other. If the distance is lA^, the 
signal point 151 of a 4 PSK signal close to a critical error 
level has to stay in a first discrimination area 155 denoted by 
the hatching of FIG. 20 and determined by lO-a^kA^ and 
lO-b^kA^,. This allows the signal transmission system to 
reproduce carrier waves and thus, demodulate a wanted 
signal. When the minimum radius of the antenna 22 is set to 
r 0 , the transmission signal of more than a given level can be 
intercepted by any receiver of the system. The amplitude of 
a 4 PSK signal of the digital transmitter 51 shown in FIG. 
18 is minimum at A ro and thus, the minimum amplitude A M 
of a 4 PSK signal to be received by^ the first receiver 23 is 
determined to be equal to A ro . As a result, the first receiver 
23 can intercept and demodulate the^ PSK signal from the 
digital transmitter 51 at the maximum acceptable level of the 
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error rate whcnVhc radius of the antenna 22 is more than r 0 . 
If the transmission signal is of a modified 16- or 64-state 
QAM mode, thte first receiver 23 may find it difficult to 
reproduce its carrier wave. For compensation, the signal 
points are increased to eight which arc allocated at angles of 
(7t/4+mV2) as slown in FIG. 25(a) and its carrier wave will 
be reproduced b) a 16x multiplication technique. Also, if the 
signal points arc assigned to 16 locations at angles of nji/8 
as shown in FIG 25(6), the carrier of a quasi 4 PSK mode 
16 QAM modulated signal can be reproduced with the 
carrier reproducing circuit 131 which is modified for per- 
forming 16x frequency multiplication. At the time, the 
signal points in the transmitter 1 should be arranged to 
satisfy A,/(A 1 +Ai=tan(7c/8). 

Here, a case of deceiving a QPSK signal will be consid- 
ered. Similarly to the manner performed by the signal point 
setting circuit 67 iri the transmitter shown in FIG. 2, it is also 
possible to modulate the positions of the signal points of the 
QPSK signal shown in FIG. 18 (amplitude-modulation, 
pulse-modulation, or the like). In this case, the signal point 
demodulating unit 138 in the first receiver 23 demodulates 
the position modulated or position changed signal. The 
demodulated signal Jis outputted together with the first data 
stream. j 

The 16 PSK signal of the transmitter 1 will now be 
explained referring to the vector diagram of FIG. 9. When 
the horizontal vectotj distance A x of the signal point 83 is 
greater than A ro of the minimum amplitude of the 4 PSK 
signal of the digital transmitter 51, the four signal points 83, 
84, 85, and 86 in the first quadrant of FIG. 9 stay in the 
shaded or first 4 PSK signal receivable area 87. When 
received by the first receiver 23, the four points of the signal 
appear in the first discriminating area of the vector field 
shown in FIG. 20. Hence, any of the signal points 83, 84, 85, 
and 86 of FIG. 9 can be translated into the signal level 151 
of FIG. 20 by the first receiver 23 so that the two-bit pattern 
of 11 is assigned to a corresponding time slot. The two-bit 
pattern of 11 is identical to 11 of the first signal point group 
91 or first data stream W a signal from the transmitter 1. 
Equally, the first data Weam will be reproduced at the 
second, third, or fourth| quadrant. As the result, the first 
receiver 23 reproduces two-bit data of the first data stream 
out of the plurality of data streams in a 16-, 32-, or 64-state 
QAM signal transmitted from the transmitter 1. The second 
and third data streams are|contained in four segments of the 
signal point group 91 and|thus, will not affect the demodu- 
lation of the first data stream. They may however affect the 
reproduction of a carrier wave and an adjustment, described 
later, will be needed. | 

If the transponder of a satellite supplies an abundance of 
energy, the forgoing technique of 16 to 64-state QAM mode 
transmission will be feasible. However, the transponder of 
the satellite in any existing satellite transmission system is 
strictly limited in the power supply due to its compact size 
and the capability of solar batteries. If the transponder or 
satellite is increased in size and thus weight, its launching 
cost will soar. This disadvantage will rarely be eliminated by 
traditional techniques unless the cost of launching a satellite 
rocket is reduced by a considerable level. In the existing 
system, a common communications satellite provides as low 
as 20 W of power and a common broadcast satellite offers 
100 W to 200 W at best. For transmission of such a 4 PSK 
signal in the symmetrical 16-state QAM mode as shown in 
FIG. 9, the minimum signal point distance is needed 3A m as 
the 16 QAM amplitude is expressed by 2A,=A2. Thus, the 
energy needed for the purpose is nine times greater than that 
for transmission of a common 4\PSK signal, in order to 
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maintain compatibiliiy. Also, any convcnlional satellite tran- 
sponder can hardly provide a power for enabling such a 
small antenna of the 4 PSK first receiver to intercept a 
transmitted signal thejrefrom. For example, in the existing 40 
W system, 360 W is needed for appropriate signal transmis- 
sion and will be unrealistic with respect to cost. 

It would be understood that the symmetrical signal state 
QAM technique is uuost effective when the receivers 
equipped with the same sized antennas are employed cor- 
responding to a given transmitting power. Another novel 
technique will howev( r be preferred for use with receivers 
equipped with differer t sized antennas. 

In more detail, while ; the 4 PSK signal can be intercepted 
by a common low ccst receiver system having a small 
antenna, the 16 QAM signal is intended to be received by a 
high cost, high quality multiple-bit modulating receiver 
system with a mediun or large sized antenna which is 
designed for providing lighly valuable services, e.g. HDTV 
entertainment, to a particular person who invests more 
money. This allows boh 4 PSK and 16 QAM signals, if 
desired, with a 64 DMA, to be transmitted simultaneously 
with the help of a small] increase in the transmitting power. 

For example, the transmitting power can be m a in ta in ed 
low when the signal points are allocated at Aj=A 2 as shown 
in FIG. 10. The amplitude A(4) for transmission of 4 PSK 
data is expressed by a vector 96 equivalent to square root of 
(Ai+A^+CBj+Bj) 2 . Thin, 

W(4)l2 = A, 2 + V = A 2 \ + A*v = 2Al 0 

IA(16)I2 = (Aj + A 2 f + (?/ + &2? = 4A 3 n + 4A 7 n = 8A„ 



signal can be transmitted at a 
and a four times greater trans- 
eeded for the 4 PSK signal. A 
ording to the present invention 
common receiver designed for 
ped signal point QAM. How- 
with the second receiver 33 
! and A 2 are preset to appro- 
e minimum distance between 



W(16)t/W(4)l = 2 

Accordingly, the 16 Q. 
two times greater amplitu 
milting energy than those 
modified 16 QAM signal ai 
will not be demodulated by 
symmetrical, equally dist; 
ever, it can be demodulate! 
when two threshold values 
priate values. In FIG. 10, 
two signal points in the firsk segment of the signal point 
group 91 is Ai and A^A, iflestablished as compared with 
the distance 2Aj of 4 PSK. Then, as Aj=A 2 , the distance 
becomes V£. This explains thai the signal receiving sensitiv- 
ity has to be two times greater for the same error rate and 
four times greater for the sarrle signal level. For having a 
four times greater value of sensitivity, the radius r 2 of the 
antenna 32 of the second receiver 33 has to be two times 
greater than the radius t x of the antenna 22 of the first 
receiver 23 thus satisfying r 2 =2fy. For example, the antenna 
32 of the second receiver 33 is\60 cm diameter when the 
antenna 22 if the first receiver 23 is 30 cm. In this manner, 
the second data stream representing the high frequency 
component of an HDTV will be carried on a signal channel 
and demodulated successfully. As the second receiver 33 
intercepts the second data stream jpr a higher data signal, its 
owner can enjoy a of high investment return. Hence, the 
second receiver 33 of a high price may be accepted. As the 
minimum energy for transmissioriof 4 PSK data is prede- 
termined, the ratio n 16 of modifiep 16 APSK transmitting 
energy to 4 PSK transmitting ei 
according to the antenna radius r 2 
using a ratio between A^ and A 2 si 
In particular, n I6 is expressed by 



iy will be calculated 
the second receiver 33 
wn in FIG. 10. 
A i +A 2 )/A l ) 2 which is 



the minimum energy for transmission of 4 PSK data. As the 



signal point distahce 
tion is A 2 , The sig] 
is 2Aj, and the ; 
antenna radius r : 
which the curve 



:1E)1 



Also, the point 
QAM at the equ; 1 
transmitting energy 
more be practical 
antenna radius i 
reduced further evi 
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suited for modified 16 QAM intcrcep- 
;nal point distance for 4 PSK interception 
gnal point distance ratio is.A^A,, the 
is determined as shown in FIG. 11, in 
represents the relationship between the 
transmitting energy ratio n 16 and the radius r 2 of the antenna 
22 of the second receiver 23. 



102 indicates transmission of common 16 
distance signal state mode where the 
is nine times greater and thus will no 
i ,s apparent from the graph of FIG. 11, the 
of the second receiver 23 cannot be 



if n 16 is increased more than 5 times. 



The transmittinglenergy at the satellite is limited to a 
small value and lhu$, n 16 preferably stays not more than 5 
pnoted by the hatching of FIG. 11. The 
tie hatching area 103 indicates, for 
£enna radius r 2 of a two times greater 
» a 4x value of the transmitting energy, 
bpresents that the transmission energy 
should be doubled wtten r 2 is about 5x greater. Those values 
are all within a feasible range. 

The value of n lfi npt greater than 5x value is expressed 
using Aj and A 2 as: 



U'mcs the value, as < 
point 104 within 
example, that the ; 
value is matched wit$ 
Also, the point 105 ] 



Hence, A 2 <1.23A,. 

If the distance between any two signal point group 
segments shown in Flip. 10 is 2A(4) and the maximum 
amplitude is 2A(16), A(p) and A(16)-A(4) are proportional 
to Al and A2 respectively. Hence, (A(16)) 2 <5(A(14)) 2 is 
established. 

The action of a modified 64 ASPK transmission will be 
described as the third receiver 43 can perform 64-state QAM 
demodulation. 

FIG. 12 is a vector ditgram in which each signal point 
group segment contains 16 signal points as compared with 
4 signal points of FIG. uO. The first signal point group 
segment 91 in FIG. 12 hal a 4x4 matrix of 16 signal points 
allocated at equal intervals including the point 170. For 
providing compatibility Wdth 4 PSK , A^A^ has to be 
satisfied. If the radius of the antenna 42 of the third receiver 
43 is r 3 and the trans mi ttir^g energy is n^, the equation is 
expressed as: 



This relationship between i 3 and n of a 64 QAM signal is 
also shown in the graphic representation of FIG. 13. 

It is understood that the signal point assignment shown in 
FIG. 12 allows the second receiver 33 to demodulate only 
two-bit patterns of 4 PSK data. Hence, it is desirable for 
compatibility between the first! second, and third receivers 
that the second receiver 33 islcapable of demodulating a 
modified 1 6 QAM form from tha 64 QAM modulated signal. 

The compatibility between theuhree discrete receivers can 
be implemented by three-level grouping of signal points, as 
illustrated in FIG. 14. A description follows referring to the 
first quadrant in which the first signal point group segment 
91 represents the two-bit pattern 11 of the first data stream. 

In particular, a first sub segmeht 181 in the first signal 
point group segment 91 is assigned the two-bit pattern 11 of 
the second data stream. Equally, a second 182, a third 183, 
and a fourth sub segment 184 are assigned 01, 00, and 10 of 
the same respectively. This assignment is identical to that 
shown in FIG. 7. 
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The signal point a location of the third data stream will 
now be explained reft rring to the vector diagram of FIG. 15 
which shows the first quadrant. As shown, the four signal 
points 201, 205, 209, and 213 represent the two-bit pattern 
of 11, the signal point 202, 206, 210, and 214 represent 01, 
the signal points 203, 207, 211, and 215 represent 00, and 
signal points 204, 202 212, and 216 represent 10. Accord- 
ingly, the two-bit patt :ms of the third data stream can be 
transmitted separately of the first and second data streams. 
In other words, two-fcit data of the three different signal 
levels can be transmitt id respectively. 

As understood, the present invention permits not only 
transmission of six-bit data but also interception of three, 
two-bit, four-bit, and s x-bit, different bit length data with 
their respective receivers while the signal compatibility 
remains between these Levels. 
The signal point alhfeation for providing compatibility 
i will be described. 
^Ayg is essenu'al for allowing the 
ve the first data stream. 
: any two signal points from each 
other by such a distancelthat the sub segment signal points, 
e.g. 182, 183, 184, of thd second data stream shown in FIG. 
15 can be distinguished from the signal point 91 shown in 
FIG. 10. 

FIG. 15 shows that theW are spaced by %A 2 . In this case, 
the distance between the Wo signal points 201 and 202 in 
the first sub segment 18l| is AJ6. The transmitting energy 
needed for signal interception with the third receiver 43 is 
now calculated. If the radius of the antenna 32 is r 3 and the 
needed transmitting energy is n^ times the 4 PSK transmit- 
ting energy, the equation is expressed as: 



between the three levels 
As shown in FIG. 15,1 

first receiver 23 to recei 
It is necessary to spaa 



This relationship is also denoted by the curve 211 in FIG. 
16. For example, if the transmitting energy is 6 or 9 times 
greater than that for 4 PSK transmission at the point 223 or 
222, the antenna 32 having a radius of 8x or 6x value 
respectively can intercept the first, second, and third data 
streams for demodulation. As the signal point distance of the 
second data stream is close to V3A2, the relationship between 
r t and r 2 is expressed by: \ 



Therefore, the antenna 32 of the second receiver 33 has to 
be slightly increased in radius as denoted by the curve 223. 

As understood, while the first iirid second data streams are 
transmitted through a traditional^satellite which provides a 
small signal transmitting energy,;, the third data stream can 
also be transmitted through a future satellite which provides 
a greater signal transmitting energy without interrupting the 
action of the first and second receivers 23 or 33 or with no 
need of modification of the same^and thus, both the com- 
patibility and the advancement is ensured. 

The signal receiving action of th^ second receiver 33 will 
first be described. As compared wjth the first receiver 23 
arranged for interception with a small radius r x antenna and 
demodulation of the 4 PSK modulated signal of the digital 
transmitter 51 or the first data stream of the signal of the 
transmitter 1, the second receiver 33 is adopted for perfectly 
demodulating the 16 signal state two-bit data, shown in FIG. 
10, or second data stream of the 16 QAM signal from the 
transmitter 1. In total, four-bit data including also the first 
data stream can be demodulated. The ratio between A l and 
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A 2 is however different in the two transmitters. The two 
different data are loaded to a demodulation controller 231 of 
the second receivey 33, shown in FIG. 21, which in turn 
supplies their respective threshold values to the demodulat- 
ing circuit for AM demodulation. 

The block diagram of the second receiver 33 in FIG. 21 
is similar in basic construction to that of the first receiver 23 
shown in FIG. 19. THp difference is that the radius r 2 of the 
antenna 32 is greater than t x of the antenna 22. This allows 
the second receiver B3 to identify a signal component 
involving a smaller signal point distance. The demodulator 
35 of the second receiver 33 also contains first and second 
data stream reproducing units 232 and 233 in addition to the 
demodulation controller 231. There is provided a first dis- 
crimination/demodulation circuit 136 for AM demodulation 
of modified 16 QAM signals. As understood, each carrier is 
a four-bit signal having two, positive and negative, threshold 
values about the zero level. AS apparent from the vector 
diagram, of FIG. 22, the threshold values are varied depend- 
ing on the transmitting Anergy of a transmitter since the 
transmitting signal of thi embodiment is a modified 16 
QAM signal. When the reference threshold is TH 16 , it is 
determined by, as shown it FIG. 22: 



TH I ^=<A I +A l fl)/(A I +A a ) 



The various data for demodulation including A t and A 2 or 
TH l6> and the value m for multiple-bit modulation are also 
transmitted from the transmitter 1 as carried in the first data 
stream. The demodulation controller 231 may be arranged 
for recovering such demodulation data through statistical 
process of the received signal! 

A way of determining the \ shift factor A x /A 2 will be 
described with reference to FIG. 26. A change of the shift 
factor A j/Aj causes a change of Ihe threshold value. Increase 
of a difference of a value of A t VA 2 set at the receiver side 
from a value of A t /A 2 set at the transmitter side will increase 
the error rate. Referring to FIG, 26, the demodulated signal 
from the second data stream reproducing unit 233 may be 
s?5 1 fed back to the demodulation controller 231 to change the 

shift factor A t /A 2 in a direction tomcrease the error rate. By 
this arrangement, the third receiver 43 may not demodulate 
the shift factor A t fA 2 , so that the circuit construction can be 
simplified. Further, the transmitter may not transmit the shift 
factor A|/A 2 , so that the transmission capacity can be 
increased. This technique can be applied also to the second 
receiver 33. \ 

FIGS. 25(a) and 25(b) are viewsi showing signal point 
allocations for the C-CDM signal points, wherein signal 
points are added by shifting in the polar coordinate direction 
(r, 8). The previously described C-CDM is characterized in 
that the signal points arc shifted in the rectangular coordi- 
nate direction, i.e. XY direction; therefore it is referred to as 
rectangular coordinate system C-CDM. Meanwhile, this 
C-CDM characterized by the shifting oflsignal points in the 
polar coordinate direction, i.e. r, 0 direction, is referred to as 
polar coordinate system C-CDM. \ 

FIG. 25(a) shows the signal allocation of 8PS-APSK 
signals, wherein four signal points are added by shifting 
each of 4 QPSK signals in the radius r direction of the polar 
coordinate system. In this manner, the !\PSK of polar 
coordinate system C-CDM having 8 signal points is 
obtained from the QPSK as shown in FIG. 25(a). As the pole 
is shifted in the polar coordinate system to ad*d signal points 
in this APSK, it is referred to as shifted poie-APSK, i.e. 
SP-APSK in the abbreviated form. In this case, coordinate 
values of the newly added four QPSK signals 85 are 
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specified by using a shift factor Sj as shown in FIG. 139. 

Namely, 8PS-APSK signal points includes ordinary QPSK 
signal points 83 (r 0 , 8 0 ) and a signal point ((S 1 +l)(r 0 , Bq) 
obtained by shifting the signal point 83 in the radius r 
direction by an j mount of Sjr 0 . Thus, a 1-bit subchannel 2 
is obtained in ad lition to a 2-bit subchannel 1 identical with 
the QPSK. 

Furthermore, is shown in the constellation diagram of 
FIG. 140, new eight signal points, represented by coordi- 
nates (r 0 +S 2 r 0 , 6<J) and (^S^S^, Gq), can be added by 
shifting the eightjsignal points (r 0 , 8 0 ) and (ro+S^, Gq) in 
the radius r direction. As this allows two kinds of allocations, 
a 1-bit subchannel is obtained and is referred to as 16PS- 
APSK which prolides the 2-bit subchannel 1, 1-bit sub- 
channel 2, and libit subchannel 3. As the 16-PS-APSK 
disposes the signal points on the lines of 8=V4(2iH-l)rt, it 
allows the ordinary QPSK receiver explained with reference 
to FIG. 19 to reproduce the carrier wave to demodulate the 
first 2-bit subchannel although the second subchannel cannot 
be demodulated. Aadcscribed above, the C-CDM method of 
shirting the signal mints in the polar coordinate direction is 
useful in expanding! the capacity of information data trans- 
mission while assur&ig compatibility to the PSK, especially 
to the QPSK receiver, a main receiver for the present 
satellite broadcast seAvice. Therefore, without losing the first 
generation viewers of the satellite broadcast service based 
on the PSK, the broadcast service will advance to a second 
generation stage wherfcin the APSK will be used to increase 
transmittable information amount by use of the muld-Ievel 
modulation while maintaining compatibility. 

In FIG. 25(b), the signal points are allocated on the lines 
of 8=7i/8. With this arrangement, the 16 PSK signal points 
are reduced or limited td 12 signal points, i.e. 3 signal points 
in each quadrant. Withlthis limitation, these three signal 
points in each quadrant are roughly regarded as one signal 
point for 4 QPSK signals! Therefore, this enables the QPSK 
receiver to reproduce tne first subchannel in the same 
manner as in the previous^ embodiment. 

More specifically, the signal points are disposed on the 
lines of 9=n/4, 8=rc/4+7r/8,\and 6=7c/4-tc/8. In other words, 
the added signals are offsetlby an amount ±9 in the angular 
direction of the polar coorpinate system from the QPSK 
signals disposed on the linei of 0=n/4. Since all the signals 
are in the range of 9=7t/4±n^8, they can be regarded as one 
of the QPSK signal points on the line of 8=rc/4. Although the 
error rate is lowered a little bit in this case, the QPSK 
receiver 23 shown in FIG. 191can discriminate these points 
as four signal points angularly Allocated. Thus, 2-bit data can 
be reproduced. 

In case of the angular shift fc-CDM, if signal points are 
disposed on the lines of Tt/n, thp carrier wave reproduction 
circuit can reproduce the carrier wave by the use of an 
n-multiplier circuit in the same manner as in other embodi- 
ments. If the signal points are not disposed on the lines of 
jt/n, the carrier wave can be reproduced by transmitting 
several pieces of carrier information within a predetermined 
period in the same manner as in other embodiment. Assum- 
ing that an angle between two signal points of the QPSK or 
8-SP-APSK is 29 0 in the polar coordinate system and a first 
angular shift factor is PI, two signal points (r^ Gq+PjGq) and 
(r 0 , %-PjGq) are obtained by shiftinb the QPSK signal point 
in the angular 9 direction by an amount ±P,9o. Thus, the 
number of signal points are doublen. Thus, the 1-bit sub- 
channel 3 can be added and is referred to as 8-SP-PSK of 
P=P1. If eight signal points are further added by shifting the 
8-SP-PSK signals in the radius r direction by an amount 
S^q, it will become possible to obtair\ 16-SP-APSK (P, S t 
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type) as shown in FIG. 142. The subchannels 1 and 2 can be 
reproduced by two 8PS-PSKs having the same phase. 
Returning to Fit j. 25(b), as the C-CDM based on the angular 
shift in the pol ir coordinate system can be applied to the 
PSK as shown in FIG. 141, this will be adopted to the first 
generation satellite broadcast service. However, if adopted 
to the second generation satellite broadcasting based on the 
APSK, this pola\ coordinate system C-CDM is inferior in 
in the same group cannot be uniformly 
FIG. 142. Accordingly, utilization effi- 
power is worsened. On the other hand, 
ordinate system C-CDM has good corn- 



that signal point! 
spaced as shown 
ciency of electri 
the rectangular o 
patibility to the PS] 
The system sho 1 
the rectangular and 
points are disposed 
can be demodulati 



in FIG. 25(b) is compatible with both 
olar coordinate systems. As the signal 
n the angular lines of the 16 PSK, they 
by the 16 PSK. Furthermore, as the 
signal points are divified into groups, the QPSK receiver can 
be used for demodulation. Still further, as the signal points 
are also allocated to suit the rectangular coordinate system, 
the demodulation wil} be performed by the 16-SRQAM. 

patibility between the rectangular 
M and the polar coordinate system 
in any of the QPSK, 16PSK, and 



Consequently, the col 
coordinate system C 
C-CDM can be assun 
16-SRQAM 

The demodulation o 
storing therein differei 
factors, the number of 
rules, etc.) which com 
channels. When receivii 
values corresponding to 



ptroller 231 has a memory 231a for 
threshold values (i.e., the shift 
^ignal points, the synchronization 
spond to different TV broadcast 
one of the channels again, the 
tie receiving channel will be read 
out of the memory to thereby stabilize the reception quickly. 

If the demodulation data is lost, the demodulation of the 
second data stream will Hardly be executed. This will be 
explained referring to a flowchart shown in FIG. 24. 

Even if the dcmodulatioa data is not available, demodu- 
lation of the 4 PSK at Step pi 3 and of the first data stream 
at Step 301 can be implemented. At Step 302, the demodu- 
lation data retrieved by the filst data stream reproducing unit 
232 is transferred to the demodulation controller 231. If m 
is 4 or 2 at Step 303, theldemodulation controller 231 
triggers demodulation of 4 PSK or 2 PSK at Step 313. If not, 
the procedure moves to Step 310, At Step 305, two threshold 
values TH a and TH l6 are calculated. The threshold value 
TH l6 for AM demodulation A fed at Step 306 from the 
demodulation controller 231 to both the first 136 and the 
second discrimination/demodu^ 
demodulation of the modified 
duction of the second data strca 

307 and 315 respectively. At S\cp 308, the error rate is 
examined and if high, the procedure returns to Step 313 for 
repeating the 4 PSK demodulation 

As shown in FIG. 22 and the signal points 85, 83, are 
aligned on a line at an angle of cos(cot+nrc/2) while 84 and 
86 are off the line. Hence, the feedback of a second data 
stream transmitting carrier wave da 
stream reproducing unit 233 to a ca 
131 is carried out so that no carrier i 
the timing of the signal points 84 ; 

The transmitter 1 is arranged to 
signals at intervals of a given time witi 
for the purpose of compensation for nd 



ation circuit 137. Hence, 
16 QAM signal and repro- 
Ican be carried out at Steps 



Ja from the second data 
per reproducing circuit 
Needs to be extracted at 
186. 

nsmit carrier timing 
i the first data stream 
i demodulation of the 



second data stream. The carrier timing Signal enables one to 
identify the signal points 83 and 85 of tthe first data stream 
regardless of demodulation of the sicond data stream. 
Hence, the reproduction of carrier wave can be triggered by 
the transmitting carrier data to the carrier Reproducing circuit 
131. 
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A determination then made at Step 304 of the flowchart of 
FIG. 24 as to whethei or not m is 16 upon receipt of such a 
modified 64 QAM signal as shown in FIG. 23. At Step 310, 
a determination is also made as to whether or not m is more 
than 64. If it is detertnined at Step 311 that the received 
signal has no equal distance signal point constellation, the 
procedure goes to Sted312. The signal point distance TH^ 
of the modified 64 QAM signal is calculated from: 

This calculation is equivalent to that ofTH 16 but its resultant 
distance between signal (points is smaller. 

If the signal point distance in the first sub segment 181 is 
A 3t the distance bctweeh the first 181 and the second sub 
segment 182 is expresses by (A 2 -2A 3 ). Then, the average 
distance is (A 2 -2A 3 )/(AH-A 2 ) which is designated as d^. 
when d^ is smaller than % which represents the signal point 
discrimination capability of the second receiver 33, any two 
signal points in the segment will hardly be distinguished 
from each other. This judgement is executed at Step 313. If 
d w is out of a permissive range, the procedure moves back 
to Step 313 for 4 PSK mofle demodulation. If d^ is within 
the range, the procedure advances to Step 305 for allowing 
the demodulation of 16 QAM at Step 307. If it is determined 
at Step 308 that the error rate is too high, the procedure goes 
back to Step 313 for 4 PSK mode demodulation. 

When the transmitter 1 supplied a modified 8 QAM signal 
such as shown in FIG. 25(A in which all the signal points 
are at angles of cos (2Trf+-h/4), the carrier waves of the 
signal are lengthened to thd same phase and will thus be 
reproduced with much ease. At the time, two-bit data of the 
first data stream are demodulated by the 4-PSK receiver 
while one-bit data of the second data stream is demodulated 
by the second receiver 33 andlthe total of three-bit data can 
be reproduced. I 

The third receiver 43 will be described in more detail. 
FIG. 26 shows a block diagrkm of the third receiver 43 
similar to that of the second receiver 33 in FIG. 21. The 
difference is that a third data stream reproducing unit 234 is 
added and also, the discrimination/demodulation circuit has 
a capability of identifying eight4>it data. The antenna 42 of 
the third receiver 43 has a radius r 3 greater than r 2 thus 
allowing smaller distance state signals, e.g. 32- or 64-state 
QAM signals, to be demodulated For demodulation of the 
64 QAM signal, the first discriminHUon/ reproduction circuit 
136 has to identify 8 digital level! of the detected signal in 
which seven different threshold levels are involved As one 
of the threshold values is zero, threaare contained in the first 
quadrant. \ 

FIG. 27 shows a space diagram of the signal in which the 
first quadrant contains three different threshold values. 

As shown in FIG. 27, when the three normalized thresh- 
old values are TH1 64 , THZ^ and THB^ they are expressed 
by: 



Tm 64 ^A l +A i f2W l +A 2 ) \ 
TmtuMAi+AztyKAMJ and \ 

rm^A ^A 2 -A 3 ny(A t +A 2 ) \ 

Through AM demodulation of a phafce detected signal 
using the three threshold values, the third flata stream can be 
reproduced like the first and second dataWeam explained 
with FIG. 21. The third data stream contain^ e.g. four signal 
points 201, 202, 203, and 204 at the first siib segment 181 
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shown in FIG. 23 Which represent 4 values of two-bit 
pattern. Hence, six digits or modified 64 QAM signals can 
be demodulated. 

The demodulation < :ontroller 231 detects the value m, A„ 
A 2 , and A 3 from the d smodulation data contained in the first 
data stream demoduh ted by the first data stream reproduc- 
ing unit 232 and calcu lates the three threshold values THl^, 
TH264, and TH3& wh ich are then fed to the first 136 and the 
second discriminatioi /demodulation circuit 137 so that the 
modified 64 QAM signal is demodulated with certainty. 
Also, if the demodulation data have been scrambled, the 
modified 64 QAM si mal can be demodulated only with a 
specific or subscriber receiver. FIG. 28 is a flowchart show- 
ing the action of the < lemodulation controller 231 for modi- 
fied 64 QAM signals. The difference from the flowchart for 
demodulation of 16 QAM shown in FIG. 24 will be 
explained. The proce( ure moves from Step 304 to Step 320 
where it is determinec whether or not m=32 or not. If m=32, 
demodulation of 32 Q AM signals is executed at Step 322. If 
not, the procedure mo vts to Step 321 where it is determined 
whether or not m=64. If yes, A 3 is examined at Step 323. If 
A 3 is smaller than a predetermined value, the procedure 
moves to Step 305 an 1 the same sequence as of FIG. 24 is 
implemented. If it is ju iged at Step 323 that A 3 is not smaller 
than the predetermine 1 value, the procedure goes to Step 
324 where the threshold values are calculated. At Step 325, 
the calculated threshold values are fed to the first and second 
discrimination/demodumtion circuits and at Step 326, the 
demodulation of the modified 64 QAM signal is carried out 
Then, the first, second, and third data streams are reproduced 
at Step 327. At Step 328, the error rate is examined. If the 
error rate is high, the procedure moves to Step 305 where the 
16 QAM demodulation is repeated and if low, the demodu- 
lation of the 64 QAM islcontinucd. 

The action of carrier wave reproduction needed for execu- 
tion of a satisfactory demodulating procedure will now be 
described. The scope oflthe present invention includes 
reproduction of the first dap stream of a modified 16 or 64 
QAM signal using a 4 PSKi receiver. However, a common 4 
PSK receiver rarely reconstucts carrier waves, thus failing 
to perform a correct demodulation. For compensation, some 
arrangements arc necessari at both the transmitter and 
receiver sides. 

Two techniques for compensation are provided according 
to the present invention. A ffirst technique relates to trans- 
mission of signal points aligned at angles of (2n-l)7t/4 at 
intervals of a given time. A second technique offers trans- 
mission of signal points arranged at intervals of an angle of 
rot/8. 

According to the first technique, the eight signal points 
including 83 and 85 are alignedUt angles of n/4, 3n/4, 57t/4, 
and 7rc/4, as shown in FIG. 38. ki action, at least one of the 
eight signal points is transmitted during sync time slot 
periods 452, 453, 454, and 455 arVanged at equal intervals of 
time in a time slot gap 451 showii in the time chart of FIG. 
38. Any desired signal points are transmitted during the 
other time slots. The transmitter 1 lis also arranged to assign 
a data for the time slot interval to trie sync timing data region 
499 of a sync data block, as showh in FIG. 41. 

The content of a transmitting sig 
more detail referring to FIG. 41. ' 
containing the sync time slots 45 
represents a unit data stream or blocft 491 carrying a data of 
Dn. 

The sync lime slots in the signal We arranged at equal 
intervals of a given time determined b\ the time slot interval 
or sync timing data. Hence, when thi arrangement of the 



nal will be explained in 
fie time slot group 451 
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sync lime slots is < letected, reproduction of carrier waves 
will be executed slot by slot through extracting the sync 
timing data from their respective time slots. Such a sync' 
timing data S is contained in a sync block 493 at the front 
end of a data frame 492, which consists of a number of sync 
time slots denoted \ y the hatching in FIG. 41. Accordingly, 
the data to be extracted for carrier wave reproduction are 
increased, thus alio ving the 4 PSK receiver to reproduce 
desired carrier wave s at higher accuracy and efficiency. 

The sync block 49 3 comprises sync data regions 496, 497, 
and 498, — containii g sync data SI, S2 ( and S3, —respec- 
tively which include unique words and demodulation data. 
The phase sync signal assignment region 499 is at the end of 
the sync block 493,1 which holds a data of I r including 
information about interval arrangement and assignment of 
the sync time slots. 

The signal point dita in the phase sync time slot has a 
particular phase and can thus be reproduced by the 4 PSK 
receiver. Accordingly, Lin the phase sync signal assignment 
region 499 can be retrieved without error thus ensuring the 
reproduction of carrier] waves at accuracy. 

As shown in FIG. 41, the sync block 493 is followed by 
a demodulation data block 501 which contains demodula- 
tion data about thresholo voltages needed for demodulation 
of the modified mulume-bit QAM signal. This data is 
essential for demodulation of the multiple-bit QAM signal 
and may preferably be contained in a region 502 which is a 
part of the sync block 4Sp for ease of retrieval. 

FIG. 42 shows the assignment of signal data for trans- 
mission of burst form signals through a TDMA method. 

The assignment is distinguished from that of FIG. 41 by 
the fact that a guard period 521 is inserted between any two 
adjacent Dn data blocks 4SU and 491 for interruption of the 
signal transmission. Also, each data block 491 is at the front 
end of a sync region 522, tthe signal points at a phase of 
(2n-l)rc/4 arc only transrrfitted. Accordingly, the carrier 
wave reproduction will be feasible with the 4 PSK receiver. 
More specifically, the sync signal and carrier waves can be 
reproduced through the TDMA method. 

The carrier wave reproduction of the first receiver 23 
shown in FIG. 19 will be expMned in more detail referring 
to FIGS. 43 and 44. As shown FIG. 43, an input signal is fed 
through the input unit 24 to a sine detector circuit 541 where 
it is sync detected. A demodulated signal from the sync 
detector 541 is transferred to\ an output circuit 542 for 
reproduction of the first data strcW A data of the phase sync 
signal assignment data region 499 (shown in FIG. 41) is 
retrieved by an extracting timing controller circuit 543 so 
that the timing of sync signals fof (2n-l)7t/4 data can be 
acknowledged and transferred as a phase sync control pulse 
561 shown in FIG. 44 to a carrier reproduction controlling 
circuit 544. Also, the demodulated signal of the sync detec- 
tor circuit 541 is fed to a frequency multiplier circuit 545 
where it is 4x multiplied prior to feeing transmitted to the 
carrier reproduction controlling circuit 544. The resultant 
signal denoted by 562 in FIG. 44 domains true phase data 

563 and other data. As illustrated by 564 in the time chart 

564 of FIG. 44, the phase sync tima slots 452 carrying the 
(2n-l)rt/4 data are also contained atlequal intervals. In the 
carrier reproducing controlling circuit 544, the signal 562 is 
sampled by the phase sync control poise 561 to produce a 
phase sample signal 565 which is then converted through a 
sample and hold operation into a phase signal 566. The 
phase signal 566 of the carrier reproduction controlling 
circuit 544 is fed through a loop filter\546 to a VCO 547 
where its relevant carrier wave is reproduced. The repro- 
duced carrier is then sent to the sync detector circuit 541. 



the sig 



27 



will now be explained ad 
FIG. 45 shows a reveq 
during circuit according I 
a received signal is fed 
detector circuit 541 for 



detector circuit 541 to a ca 
fed through a carrier reproq 
phase comparator 593. A ci 
547 is delayed by a second 



In this manner, thfe signal point data of the (2n-l)7c/4 
phase denoted by the (shaded areas in FIG. 39 is recovered 
and utilized so that a c Drrect carrier wave can be reproduced 
by 4x or 16x frequenc y multiplication. Although a plurality 
of phases are reproduc ed at the time, the absolute phases of 
the carrier can be succ essfully be identified using a unique 
word assigned to the sync region 496 shown in FIG. 41. 

For transmission of a modified 64 QAM signal such as 
shown in FIG. 40, sign il points in the phase sync areas 471 
at the (2n-l)jc/4 phase < lenoted by the hatching are assigned 
to the sync time slots 452, 4526, etc. Its carrier can hardly 
be reproduced with a cbmmon 4 PSK receiver but can be 
successfully reproduced! with the first receiver 23 of 4 PSK 
mode provided with thq carrier reproducing circuit of the 
embodiment. 

The foregoing carrier Reproducing is of COSTAS type. A 
carrier reproducing circuit of the reverse modulation type 
cording to the embodiment, 
ke modulation type carrier repro- 
i the present invention, in which 
om the input unit 24 to a sync 
producing a demodulated signal. 
Also, the input signal is delayed by a first delay circuit 591 
to a delay signal. The dclky signal is then transferred to a 
quadrature phase modulatlr circuit 592 where it is reverse 
demodulated by the demodulated signal from the sync 
rier signal. The carrier signal is 
action controller circuit 544 to a 
-ier wave produced by a VCO 
delay circuit 594 into a delay 
signal which is also fed to trie phase comparator 593. At the 
phase comparator 593, the reverse demodulated carrier 
signal is compared in phale with the delay signal thus 
producing a phase diffcrencb signal. The phase difference 
signal is fed through a loop filter 546 to the VCO 547 which 
in turn produces a carrier wave arranged in phase with the 
received carrier wave. In thelsame manner as of the COS- 
TAS carrier reproducing ciicuit shown in FIG. 43, an 
extracting timing controller circuit 543 performs sampling 
of signal points contained in the hatching areas of FIG. 39. 
Accordingly, the carrier wave I 
be reproduced with the 4 P$ 
receiver 23. 

The reproduction of a ca 
multiplication will be explained 

FIG. 1 is arranged to modulate! and transmit a modified 16 
QAM signal with assignment bf its signal points at nrc/8 
phase as shown in FIG. 46. At the first receiver 23 shown in 
FIG. 19, the carrier wave can bi reproduced with its COS- 
TAS carrier reproduction controller circuit containing a 16x 
multiplier circuit 661 shown in FIG. 48. The signal points at 
each nrc/8 phase shown in FIG. 45 are processed at the first 
quadrant b the action of the 16x multiplier circuit 661, 
whereby the carrier will be reproduced by the combination 
of a loop filter 546 and a VCO 5411 Also, the absolute phase 
may be determined from 16 different phases by assigning a 
unique word to the sync region. 

The arrangement of the 16x 
explained referring to FIG. 48. A sur| 
signal are produced from the den 
adder circuit 662 and a subtracter i 
and then, multiplied together by a multiplier 664 into a cos 
26 signal. Also, a multiplier 665 produces a sin 29 signal. 
The two signals are then multiplied b^a multiplier 666 into 
a sin 46 signal. 

Similarly, a sin 80 signal is producedVrom the two, sin 20 
and cos 20, signals by the combinatiomof an adder circuit 



bf a 1 6 or 64 QAM signal can 
SK demodulator of the first 

•ier wave by 16x frequency 
a. The transmitter 1 shown in 



pltiplier circuit will be 
i signal and a difference 
rlodulated signal by an 
circuit 663 respectively 



le signal transmission system of the 
t of transmitting a plurality of 
'ave simultaneously in the multiple 
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667, a subtr&ter circuit 668, and a multiplier 670. Further- 
more, a sin 1(18 signal is produced by the combination of an 
adder circuit S71, a subtracter circuit 672, and a multiplier 
673. Then, the 16x multiplication is completed. 

Through the foregoing 16x multiplication, the carrier 
wave of all th > signal points of the modified 16 QAM signal 
shown in FIG 46 will successfully be reproduced without 
extracting par icular signal points. 

However, reproduction of the carrier wave of the modified 
64 QAM signal shown in FIG. 47 can involve an increase in 
the error rate d^e to dislocation of some signal points from 
the sync areas - 

Two techniques are known for compensation for the 
consequences, file is inhibiting transmission of the signal 
points dislocated! from the sync areas. This causes the total 
amount of transmitted data to be reduced but allows the 
arrangement to beifacilitated. The other is providing the sync 
time slots as described in FIG. 38. In more particular, the 
signal points in thamr/8 sync phase areas, e.g. 471 and 471a, 
are transmitted during the period of the corresponding sync 
time slots in the lime slot group 451. This triggers an ■ 
accurate synchronizing action during the period thus mini- 
raizing phase error.1 

As now understood, the 16x multiplication allows the 
simple 4 PSK receiver to reproduce the carrier wave of a 
modified 16 or 64 QAM signal. Also, the insertion of the 
sync time slots causes the phasic accuracy to be increased 
during the reproductiqn of carrier waves from a modified 64 
QAM signal. 

As set forth above, 
present invention is c; 
data on a single carrier 
signal level arrangemei 

More specifically, thJpe different level receivers which 
have discrete characteristics of signal intercepting sensitiv- 
ity and demodulating capability are provided in relation to 
one single transmitter so that any one of them can be 
selected depending on a wanted data size to be demodulated 
which is proportional to tha price. When the first receiver of 
low resolution quality andUow price is acquired together 
with a small antenna, its owber can intercept and reproduce 
the first data stream of a transmission signal. When the 
second receiver of medium Resolution quality and medium 
price is acquired together with a medium antenna, its owner 
can intercept and reproduce Both the first and second data 
streams of the signal. Whera the third receiver of high 
resolution quality and high price is acquired with a large 
antenna, its owner can intercept and reproduce all the first, 
second, and third data streams of the signal. 

If the first receiver is a home-use digital satellite broadcast 
receiver of low price, it will overwhelmingly be welcome by 
a majority of viewers. The second receiver accompanied 
with the medium antenna costs more and will be accepted by 
not common viewers but particular people who want to 
enjoy HDTV services. The third receiver accompanied with 
the large antenna at least before\the satellite output is 
increased, is not appropriate for home use and will possibly 
be used in relevant industries. For example, the third data 
stream carrying super HDTV signab is transmitted via a 
satellite to subscriber cinemas whicft can thus play video 
tapes rather than traditional movie fil^ns and run movies at 
low cost. 

When the present invention is applied to a TV signal 
transmission service, three different quality pictures are 
carried on one signal channel wave and\will offer compat- 
ibility with each other. Although the first embodiment refers 
to a 4 PSK, a modified 8 QAM, a modifien 16 QAM, and a 
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modified 64 QAM signal, other signals will also be 
employed with equal success including a 32 QAM, a 256 
QAM, an 8 PSK, knd a 16 PSK, a 32 PSK signal. It would 
be understood than the present invention is not limited to a 
satellite transmission system and can be applied to a terres- 
trial communications system or a cable transmission system. 

The transmission method of the invention can also be 
applied to a 4-levellor 8-Icvcl ASK signal as shown in FIG. 
58 and FIGS. 68(aiand (6), respectively. 

EMBODIMENT 2 

A second embodiment of the present invention is featured 
in which the physical multi-level arrangement of the first 
embodiment is divided into small levels through e.g. dis- 
crimination in error Correction capability, thus forming a 
logic multi-level construction. In the first embodiment, each 
multi-level channel hks different levels in the electrical 
signal amplitude or ptfysical demodulating capability. The 
second embodiment offers different levels in the logic repro- 
duction capability such as error correction. For example, the 
data Dj in a multi-level dhannel is divided into two, D ul and 
D,. 2 , components and D,.j is more increased in the error 
correction capability than D U2 for discrimination. Accord- 
ingly, as the error detection and correction capability is 
different between ark D,. 2 at demodulation, can 
successfully be reproduced within a given error rate when 
the C/N level of an original transmitting signal is as low as 
disenabling the reproduction of Dj_ 2 . This will be imple- 
mented using the logic multi-level arrangement. 

More specifically, the logic multi-level arrangement con- 
sists of dividing data of a modulated multi-level channel and 
discriminating distances between error correction codes by 
mixing error correction codes with product codes for vary- 
ing error correction capabilify. Hence, a more multi-level 
signal can be transmitted. \ 

In fact, a Dj., channel is divided into two sub channels Di 
and Dj. 2 and a D 2 channel is divided into two sub channels 
D 2 .! and D 2 . 2 . \ 

This will be explained in more detail referring to FIG. 87 
in which D ut is reproduced from a lowest C/N signal. If the 
C/N rate is d at minimum, three components D^. D2-1 m ^ 
D 2 . 2 cannot be reproduced while p, al is reproduced. If C/N 
is not less than c, D 1-2 can also be reproduced. Equally, when 
C/N is b, D 2 .i is reproduced ana when C/N is a, D 2 . 2 is 
reproduced. As the C/N rate increases, the reproducible 
signal levels are increased in number. The lower the C/N, the 
fewer the reproducible signal levelsL This will be explained 
in the form of relationship between transmitting distance and 
reproducible C/N value referring to KG. 86. In common, the 
C/N value of a received signal is decreased in proportion to 
the distance of transmission as expressed by the real line 861 
in FIG. 86. It is now assumed than the distance from a 
transmitter antenna to a receiver antenna is La when C/N=a, 
Lb when C/N=b, Lc when C/N=c, Ld When C/N=d, and Le 
when C/N=e. If the distance from the transmitter antenna is 
greater than Ld, D^j can be reproduced as shown in FIG. 85 
where the receivable area 862 is denoteaby the hatching. In- 
other words, D^, can be reproduced witrun a most extended 
area. Similarly, D U2 can be reproduced in an area 863 when 
the distance is not more than Lc. In this afca 863 containing 
the area 862, D u , can with no doubt betreproduced. In a 
small area 854, can be reproduced andVn a smallest area 
865, D 2 . 2 can be reproduced. As understood, the different 
data levels of .a channel can be reproduced corresponding to 
degrees of declination in the C/N rate. The logic multi-level 
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arrangement of the simal transmission system of the present 
invention can provide! the same effect as of a traditional 
analogue transmission system in which the amount of 
receivable data is gradually lowered as the C/N rate 
decreases. I 

The construction of ti ic logic multi-level arrangement will 
be described in which tl ere are provided two physical levels 
and two logic levels. FIG. 87 is a block diagram of a 
transmitter 1 which is s lbstantially identical in construction 
to that shown in FIG. 2 and described previously in the first 
embodiment and will n( t be further explained in detail. The 
only difference is that irror correction code encoders are 
added as abbreviated to iCC encoders. The divider circuit 3 
has four outputs 1-1, 1- S, 2-1, and 2-2 through which four 



signals Dj. l( D U2 , D 2ml 



and D 2 . 2 divided from an input 



signal are delivered. Thdtwo signals and D U2 are fed 
to two, main and sub, EQC encoders 872a and 873a of a first 
ECC encoder 871a respectively for converting to error 
correction code forms. | 

The main ECC encode! 872a has a higher error correction 
capability than that of the sub ECC encoder 873a. Hence, 
Dj.i can be reproduced al a lower rate of C/N than Dj. 2 as 
apparent from the CN-level diagram of FIG. 85. More 
particularly, the logic lefrel of D M is less affected by 
declination of the C/N thai that of D,_ 2 . After error correc- 
tion code encoding, arid D 2 . 2 are summed by a summer 
874a to a D x signal which is then transferred to the modu- 
lator 4. The other two signals D 2 .j and D 2 . 2 of the divider 
circuit 3 are error correctiontencoded by two, main and sub, 
ECC encoders 872 b and 8736 of a second ECC encoder 
87 lb respectively and then, summed by a summer 8746 to 
a D 2 signal which is transimtted to the modulator 4. The 
main ECC encoder 8726 is mgher in the error correction 
capability than the sub ECC encoder 8736. The modulator 4 
in turn produces from the twd, Dj and D 2l input signals a 
multi-level modulated signal which is further transmitted 
from the transmitter unit 5. As inderstood, the output signal 
from the transmitter 1 has two physical levels D t and D 2 and 
also, four logic levels Dj. 1( D^to^, and D 2 . 2 based on the 
two physical levels for providing different error correction 
capabilities. 1 

The reception of such a multi-level signal will be expe- 
laincd. FIG. 88 is a block diagrarh of a second receiver 33 
which is almost identical in consfruction to that shown in 
FIG. 21 and described in the first embodiment. The second 
receiver 33 arranged for intercepting multi-level signals 
from the transmitter 1 shown in Fife. 87 further comprises 
first and second ECC decoder $76a 8766, in which the 
demodulation of QAM, or any of j^SK, PSK, and FSK if 
desired, is executed. \ 

As shown in FIG. 88, a receiver signal is demodulated by 
the demodulator 35 to the two, D t andb 2 , signals which are 
then fed to two dividers 3a and 3b respectively where they 
are divided into four logic levels Dj.j, to^, D 2 . 1( and D 2 . 2 . 
The four signals are transferred to the flist and second ECC 
decoders 876a and 8766 in which D,., ii error corrected by 
a main ECC decoder 877a, D,_ 2 by a sub ECC decoder 878a, 
D 2 . t by a main ECC decoder 8776, Dju by a sub ECC 
decoder 8786 before all sent to the summeV 37. In the mixer 
37, the four, D M , D l-2 , D 2 .„ and D 2 . 2 \ error corrected 
signals are combined into a signal which U then delivered 
from the output unit 36. \ 

Since D,.j and D 2 . 2 are higher in the error correction 
capability than D t . 2 and D 2 . 2 respecdvelyAthc error rate 
remains less than a given value although C/N is fairly low 
as shown in FIG. 85 and thus, an original Signal will be 
reproduced successfully. \ 
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The action of discriminating the error correction capabil- 
ity between the main ECC decoders 877a and 8776 of high 
code gain and th( sub ECC decoders 878a and 8786 of low 
code gain will new be described in more detail. It is a good 
idea for having a i Jifference in the error correction capability, 
i.e., in the code gain, to use in the sub ECC decoder a 
common coding technique, e.g. Reed-Solomon or BCH 
method, as shown in FIG. 165(6) for the ECC decoder, 
having a standarl code distance and in %he main ECC 
decoder, another encoding technique in which distance 
between correctio i codes is increased using Reed-Solomon 
codes, their prodi ct codes, or other long-length codes or a 
trellis decoder 144p t 744$, and 744r shown in FIGS. 128(d), 
128(e), 128(/). A variety of known techniques for increasing 
the error correction code distance have been introduced and 
will not be explained in detail. The present invention can be 
associated with anV known technique for having the logic 
multi-level arrangement. 

Also, as shown In the block diagram of FIGS. 160 and 
167, the transmitter! further has an interleaver 744Jt and the 
receiver further has de-interleavers 759* and 9366. The 
interleave process ia carried out by the use of the Interleave 
Table 954 shown inpIG. 168(a). De-interleave RAM 936* 
} is used for decoding the data. By 
i transmission system having high 
pt to the burst error can be realized, 
nsmitted images. 

arrangement will be explained in 



in the de-interleaverc 
this arrangement, the- 
reliability with respq 
resulting in stable traj 
The logic multi-] 



am of FIG. 89 showing the relation- 
error race after error correction. As 



881 represents at the C/N and 



conjuction with a diaj 
ship between C/N am 
shown, the straight Hi 

error rate relation and the line 882 represents Dj. 2 at same. 

As the C/N rate of anlinput signal decreases, the error rate 
increases after error correction. If C/N is lower than a given 
value, the error rate exceeds a reference value Eth deter- 
mined by the system design standards and no original data 
will normally be reconstAjcted. When C/N is lowered to less 
than e, the Di signal fail! to be reproduced as expressed by 
the line 881 of D,.i in FIG. 89. When e£C/N<d, of the 
D, signal exhibits a highe> error rate than Eth and will not 
be reproduced. 

When C/N is d at the 
error correction capability 
the error rate than Eth and 
the error rate of Dj_ 2 rem; 
correction and will no Ion; 

When C/N is increased uj 
becomes not higher in the 
reproduced. At the time, 
demodulation state. After the 
b', the D 2 signal becomes reai 

When C/N is increased to b 
D 2 signal becomes not higher 
can be reproduced. At the time, 

higher than Eth and will not be Reproduced. When C/N is 
increased up to a at the point 885a^ D 2 _ 2 becomes not higher 
than Eth and can be reproduced. 

As described above, the four different signal logic levels 
divided from two, Dj and D 2 , physical levels through 
discrimination of the error correction capability between the 
levels, can be transmitted simultaneously. 

Using the logic mulii-level arrangement of the present 
invention with a multi-level construction in which at least a 
part of the original signal is reproduced even if data in a 
higher level is lost, digital signal transmission will success- 
fully be executed without losing the advantageous effect of 
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higher than Eth after error 
• be reproduced, 
to c at the point 885c, D^ 2 
for rate than Eth and can be 
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[ the error rate than Eth and 
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an analogue signal transmission in which transmitting data 
is gradually decre ised as the C/N rate becomes low. 

Thanking to uj-to-date compression techniques, com- 
pressed image dati can be transmitted in the logic multi- 
level arrangement for enabling a receiver station to repro- 
duce a higher quali ty image than that of an analogue system 
and also, with not sharply but at steps declining the signal 
level for ensuring signal interception in a wider area. The 
present invention c an provide an extra effect of the multi- 
layer arrangement which is hardly implemented by a known 
digital signal transmission system without deteriorating high 
quality image data. 

In addition, the address data of the image segment data, 
the base image datatfor image compression, the scramble 
cancellation data shown in the descrambler (FIG. 66), and 
high priority (HP) data, i.e., the data (e.g., the frame syn- 
chronization signal and header) that is most essential to 
image expansion of tha HDTV signal, is transmitted as D M 
by the high code gain ECC encoder 743a (FIGS. 88, 133, 
170, and 172), and is received by the high code gain ECC 
decoder 758 of the receiver 43. 

This high priority dati is protected because the error rate 
of priority data D lml does not increase noticeably. Fatal 
deterioration of the characteristic image quality of digital 
video transmissions is thus avoided, and a "graceful degra- 
dation" effect whereby image quality gradually deteriorates 
is obtained. The modulator' 749 and demodulator 760 of 
FIGS. 133 and 170, respectively, can achieve this graceful 
degradation effect with 16-Wel QAM and 32-level QAM 
described above, 4-level VSB (FIG. 57) and 8-level VSB 
(FIG. 68) described below in the description of the fourth 
embodiment, and 8-level PSP 

Furthermore, as shown in toe block diagrams of FIGS. 
133 and 156, a big difference iri the error rate of high priority 
data and low priority data can be created during signal 
reception by applying high codeWain error correction coding 
of the high priority data by means of the ECC encoder 744a 
and trellis encoder 744b in the 2nd data stream input 744, 
while error correction encoding the low priority data with 
low code gain by the ECC encoqer 743a only. 

As a result, even if the CVN ratio of the transmission 
system deteriorates significantly, tie high priority data can 
be received. Therefore, while the image quality deteriorates 
with the deterioration of the low Apriority data, the high 
priority data can also be reproducedun applications subject 
to severe C/N ratio deterioration, asttound in the reception 
conditions encountered with mobile television receivers, and 
the pixel block positioning information is also reproduced. 
Because image block destruction is thus prevented, viewers 
are still able to receive and view broadcast programing 
under extremely poor reception conditions. 



EMBODIMENT 3 

A third embodiment of the present invention will be 
described referring to the relevant drawings. 

FIG. 29 is a schematic total view illusirating the third 
embodiment in the form of a digital TV broadcasting sys- 
tem. An input video signal 402 of super higk resolution TV 
image is fed to an input unit 403 of a first video encoder 401. 
Then, the signal is divided by a divider circuit 404 into three, 
first, second, and third, data streams which are transmitted to 
a compressing circuit 405 for data compression before 
further delivered. 

Equally, other three input video signals 406, 407, and 408 
are fed to a second 409, a third 410, and a fourth video 
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:ctively which all arc arranged identical in 
;e first video encoder 401 for data corn- 



encoder 411 res] 
construction to 
prcssion. 

The four first dita streams from their respective encoders 
401, 409, 410, and 411 are transferred to a first multiplexer 
413 of a multiplexer 412 where they are time multiplexed by 
a TDM process into a first data stream multiplex signal 
which is fed to a transmitter 1. 

A part or all of the four second data streams from their 
respective encoders 401, 409, 410, and 411 are transferred to 
a second multiplexer 414 of the multiplexer 412 where they 
are time multiplexed to a second data stream multiplex 
signal which is therl fed transmitter 1. Also, a part or all of 
the four third data streams are transferred to a third multi- 
plexer 415 where thiv are time multiplexed to a data stream 
multiplex signal which is then fed to the transmitter 1. 

The transmitter 1 performs modulation of the three data 
stream signals with its modulator 4 by the same manner as 
described in the first embodiment. The modulated signals are 
sent from a transmitter unit 5 through an antenna 6 and an 
uplink 7 to a transponder 12 of a satellite 10 which in rum 
transmits it to three \ different receivers including a first 
receiver 23. 

transmitted through a downlink 21 
1 antenna 22 having a radius r t and 
reproducing unit 232 of the first 
st data stream only is demodulated, 
ta stream is then converted by a first 



The modulated sigi 
is intercepted by a si 
fed to a first data str 
receiver 23 where its 
The demodulated first 



video decoder 421 to a 
or video output signal 
Also, the modulated 
link 31 is intercepted 
radius r 2 and fed to a 
reproducing unit 233 of 



tditional 425 or wide-picture NTSC 
26 of low image resolution. 

ignal transmitted through a down- 
a medium antenna 32 having a 
t 232 and a second data stream 
second receiver 33 where its first 



and second data streams 
demodulated first and 
and converted by a se 
or video output signal 4: 
to the video output signal: 
Also, the modulated si; 
link 41 is intercepted by ; 
r 3 and fed to a first 232, a 
reproducing unit 234 of a 
second, and third data stri 
The demodulated first, 



c demodulated respectively. The 
id data streams are then summed 
video decoder 422 to an HDTV 
of high image resolution and/or 
425 and 426. 

transmitted through a down- 
rge antenna 42 having a radius 
:ond 233, and a third data steam 
ird receiver 43 where its first, 
are demodulated respectively, 
id, and third data streams are 



then summed and converted bW a third video decoder 423 to 
a super HDTV or video outfcut signal 428 of super high 
image resolution for use in a video theater or cinema. The 
video output signals 425, 4261 and 427 can also be repro- 
duced if desired. A common digital TV signal is transmitted 
from a conventional digital transmitter 51 and when inter- 
cepted by the first-receiver 23, will be converted to the video 
output signal 426 such as a low resolution NTSC TV signal. 

The first video encoder 401 will now be explained in more 
detail referring to the block diagram of FIG. 30. An input 
video signal of super high resolution is fed through the input 
unit 403 to the divider circuit 404 where it is divided into 
four components by sub-band codmg process. In particular, 
the input video signal is separatep by passing through a 
horizontal lowpass filter 451 and a horizontal highpass filter 
452 of e.g. QAM mode to two, lojv and high, horizontal 
frequency components which are than subsampled into half 
of their quantities by two subsampleis 453 and 454 respec- 
tively. The low horizontal components filtered by a vertical 
lowpass filter 455 and a vertical higttpass filter 456 into a 
low horizontal low vertical component or H^V L signal and 
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a low horizontal nigh vertical component or H^V^ signal 
respectively. The two, H £ V L and H^V,,, signals are then 
subsampled into one half by two subsamblers 457 and 458 
respectively and transferred to the compressing circuit 405. 

The high horizontal component is filtered by a vertical 
lowpass filter 459 and a vertical highpass filter 460 into a 
high horizontal lowlvertical highpass component or H H W L 
signal and a high Horizontal high vertical component or 
H H V H signal respectively. The two, H W V L and H^V,,, 
signals are then subsampled into one half by two subsam- 
plers 461 and 462 respectively and transferred to the com- 
pressing circuit 405. 1 

The H L V L signal ispreferably DCT compressed by a first 
compressor 471 of thq compressing circuit 405 and fed to a 
first output circuit 472 as the first data stream. 

Also, the HjrV^ signal is compressed by a second com- 
pressor 473 and fed to a second output circuit 464. The 
H^V^ signal is comprised by a third compressor 463 and 
fed to the second output circuit 464. 

The H W V W signal is divided by a divider 465 into two high 
resolution (H w V w l)ann super high resolution Qi H \^) 
video signals which are then transferred to the second output 
circuit 464 and a third input circuit 468 respectively. 

The first video decoden421 will now be explained in more 
detail referring to FIG. 3 A The first data stream or Dj signal 
of the first receiver 23 is fed through an input unit 501 to a 
descrambler 502 of the fiist video decoder 421 where it is 
descrarabled. The descrarnpled D, signal is expanded by an 
expander 503 to H^V^ which is then fed to an aspect ratio 
changing circuit 504. Thus.lhe H^V^ signal can be delivered 
through an output unit 505 as a standard 500, letterbox 
format 507, wide-screen 508, or sidepanel format NTSC 
signal 509. The scanning format may be of non-interlace or 
interlace type and its NTSC mode lines may be 525 or 
doubled to 1050 by double tricing. When the received signal 
from the digital transmitter 51 is digital TV signal of 4 PSK 
mode, it can also be convertep by the first receiver 23 and 
the first video decoder 421 to alTV picture. The second video 
decoder 422 will be explained m more detail referring to the 
block diagram of FIG. 32. Tie Dj signal of the second 
receiver 33 is fed through a firstunput 521 to a first expander 
522 for data expansion and them transferred to an oversam- 
pler 523 where it is sampled at ix. The oversamplcd signal 
is filtered by a vertical lowpass filter 524 into H^. Also, 
the D 2 signal of the second receiver 33 is fed through a 
second input 530 to a divider 53l where it is divided into 
three components which are thek transferred to second, 
third, and fourth expanders 532-^54 respectively for data 
expansion. The three expanded components are sampled at 
2x by three ovcrsamplers 535, 536, and 537 and filtered by 
a vertical highpass 538, a vertical lowpass 539, and a vertical 
highpass filter 540 respectively. Thei, H^V^ from the ver- 
tical lowpass filter 524 and H L V W from the vertical highpass 
filter 538 are summed by an adder p25, sampled by an 
oversampler 541, and filtered by a horizontal lowpass filter 
542 into a low frequency horizontal video signal. H^V^ 
from the vertical lowpass filter 539 ami H H \ H ] from the 
vertical highpass filter 540 are summea by an adder 526, 
sampled by an oversampler 544, and filtered by a horizontal 
highpass filter 545 to a high frequency! horizontal video 
signal. The two, high and low frcquencyAhorizontal video 
signals are then summed by an adder 543 into a high 
resolution video signal HD which is furuier transmitted 
through an output unit 546 as a video output 547 of e.g. 
HDTV format. If desired a traditional NTSC video output 
can be reconstructed with equal success. \ 
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FIG. 33 is a bio :k diagram of the third video decoder 423 
in which the D, and D 2 signals are fed through a first 521 
and a second input 530 respectively to a high frequency band 
video decoder circ lit 527 where they arc converted to an HD 
signal in (he same manner as described above. The D 3 signal 
is fed through a tffird input 551 to a super high frequency 
band video decockr circuit 552 where it is expanded, 
descrambled, and composed into H H V H 2 signal. The HD 
signal of the high frequency band video decoder circuit 527 
and the H it V H 2 siinal of the super high frequency band 
video decoder circuit 552 are summed by a summer 553 to 
a super high resolution TV or S-HD signal which is then 
delivered through an output unit 554 as super resolution 
video output 555. I 

The action of multiplexing in the multiplexer 412 shown 
in FIG. 29 will be explained in more detail. FIG. 34 
illustrates a data assig nment in which the three, first, second, 
and third, data strean s D lt D 2 , D 3 contain in a period of T . 
six NTSC channel da a LI, L2, L3, U, L5, L6, six HDTV 
channel data Ml, M2 P M3, M4, MS, M6 and six S-HDTV 
channel data HI, H;;, H3, H4, H5, H6 respectively. In 
operation, the NTSC Dr D t signal data LI to L6 are time 
multiplexed by TDM process during the period T. More 
particularly, H^ of \) Y is assigned to a domain 601 for the 
first channel. Then, a difference data Ml between HDTV 
and NTSC or a sum of ^V,,, H,,^, and H^V^l is assigned 
to a domain 602 for th< first channel. Also, a difference data 
HI between HDTV anfl super HDTV or H^V^ (See FIG. 
30) is assigned to a domain 603 for the first channel. 

The selection of the first channel TV signal will now be 
described. When intercepted by the first receiver 23 with a 
small antenna coupled tA the first video decoder 421, the first 
channel signal is converted to a standard or widescreen 
NTSC TV signal as shoiln in FIG. 31. When intercepted by 
the second receiver 33 with a medium antenna coupled to the 
second video decoder 432, the signal is converted by sum- 
ming LI of the first data stream D, assigned into the domain 
601 and Ml of the secoild data stream D 2 assigned to the 
domain 602 to an HDTVjsignal of the first channel equiva- 
lent in program to the NTISC signal. 

When intercepted by ttfe third receiver 43 with a large 
antenna coupled to the thirA video decoder 423, the signal is 
converted by summing LI of D, assigned to the domain 601, 
Ml of D 2 assigned to the domain 602, and H, of D 3 assigned 
to the domain 603 into a sniper HDTV signal of the first 

to the NTSC signal. The 
eproduced in an equal manner, 
ata assignment LI of a first 
channel NTSC signal is assigned to a fist domain 601. The 
domain 601 which is allocates at the front end of the first 
data stream D t , also contains al front a data S n including a 
descrambling data and the demodulation data described in 
the first embodiment. A first channel HDTV signal is trans- 
mitted as LI and Ml. Ml, whifch is thus a difference data 
between NTSC and HDTV, is assigned to two domains 602 
and 611 of D 2 . If LI is a compressed NTSC component of 
6 Mbps, Ml is two times higher, that is, 12 Mbps. Hence, the 
total of LI and Ml can be demodulated at 18 Mbps with the 
second receiver 33 and the secind video decoder 423. 
According to current data compression techniques, HDTV 
compressed signals can be reproduced at about 15 Mbps. 
This allows the data assignment shown in FIG. 35 to enable 
simultaneous reproduction of an NTSC and HDTV first 
channel signal. However, this assignment allows no second 
channel HDTV signal to be carried. S21 is a descrambling 
data in the HDTV signal. A first channel super HDTV signal 
component comprises LI, Ml, and Hl\ The difference data 



channel equivalent in 
other channel signals can \ 
FIG. 35 shows another 
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HI is assigned to thjree domains 603, 612, and 613 of D 3 . If 
the NTSC signal is 6 Mbps, the super HDTV is as high as 
36 Mbps. When a cc mpressed rate is increased, super HDTV 
video data of about '2000 scanning line for reproduction of 
a cinema size pictur z for commercial use can be transmitted 
in an equal manner 

FIG. 36 shows a further data assignment in which HI of 
a super HDTV sign il is assigned to six time domains. If a 
NTSC compressed s ignal is 6 Mbps, this assignment can be 
' nine times higher, th at is, 54 Mbps of D 3 data. Accordingly, 
super HDTV data of higher picture quality can be transmit- 
ted. 

The foregoing data assignment makes the use of one of 
two, horizontal and vertical, polarization planes of a trans- 
mission wave. When both the horizontal and vertical polar- 
ization planes are usid, the frequency utilization will be 
doubled. This will be explained below. 

FIG. 49 shows a das 
are a vertical and a horizontal polarization signal of the first 
data stream respectively 

horizontal polarization | signal of the second data stream 
respectively, and D w anjd D^ are a vertical and a horizontal 
polarization signal of thd third data stream respectively. The 
vertical polarization sioial D w of the first data stream 
carries a low frequency Iband or NTSC TV data and the 
horizontal polarization signal D Hl carries a high frequency 
band or HDTV data. When the first receiver 23 is equipped 
with a vertical polarization signal D m carries a high fre- 
quency band or HDTV data. When the first receiver 23 is 
equipped with an antennalfor both horizontally and verti- 
cally polarized waves, it cpn reproduce the HDTV signal 
through summing LI and Ml. More specifically, the first 
receiver 23 can provide compatibility between NTSC and 
HDTV with the use of a particular type antenna. 

FIG. 50 illustrates a TDMA method in which each data 
burst 721 is accompanied at front a sync data 731 and a card 
data 741. Also, a frame sync data 720 is provided at the front 
of a frame. Like channels are assigned to like time slots. For 
example, a first time slot 750 carries NTSC, HDTV, and 
super HDTV data of the first channel simultaneously. The 
six time slots 750, 750a, 750M 750c, 7504 750e, arranged 
independent from each other. Hence, each station can offer 
NTSC, HDTV, and/or super H&TV services independently 
of the other stations through selecting a particular channel of 
the time slots. Also, the first receiver 23 can reproduce an 
NTSC signal when equipped with a horizontal polarization 
antenna and both NTSC and HDTV signals when equipped 
with a compatible polarization antenna In this respect, the 
second receiver 33 can reproduce a super HDTV at lower 
resolution while the third received 43 can reproduce a full 
super HDTV signal. According tolthe third embodiment, a 
compatible signal transmission system will be constructed. 
It is understood that the data assignnient is not limited to the 
burst mode TDMA method shown in FIG. 50 and another 
method such as time division multtplexing of continuous 
signals as shown in FIG. 49 will bl employed with equal 
success. Also, a data assignment snown in FIG. 51 will 
permit a HDTV signal to be reproduced at high resolution. 

As set forth above, the compatible digital TV signal 
transmission system of the third embodiment can offer three, 
super HDTV, HDTV, and conventionallNTSC, TV broadcast 
services simultaneously. In addition, k video signal inter- 
cepted by a commercial station or cinema can be electron- 
ized. 

The modified QAM of the embodiments is now termed as 
SRQAM and its error rate will be examined. 
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First, the error rate ip 
99 shows a vector 
apparent from the fir^t 
standard 16 QAM in< 
at equal intervals of 

The signal point 83< : 
the Q-axis of the coordinate, 
shift value of the 16 
point 83a of 16 QAM 
the distance from each 
expressed as: 

0<n<3. 



16 SRQAM will be calculated. FIG. 
diagram of 1 6 SRQAM signal points. As 
quadrant, the 16 signal points of 
ididing 83a, 83£>, 84a, 83a are allocated 
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is spaced 5 from both the I-axis and 
. It is now assumed that n is a 
RQAM. In 16 SRQAM, the signal 
is shifted to a signal point 83 where 
axis is n8. The shift value n is thus 



The other signal poin s 84a and 86a are also shifted to two 
points 84 and 86 respec tively. 

If the error rate of the first data stream is Pe t , it is obtained 
from: I 



Also, the error rate Pej of 
from: 



J9 + n* / 



ie second data stream is obtained 



[ SRQAM will be calculated, 
of a 36 SRQAM signal in 
f two 36 QAM signal points 



The error rate of 36 or 32 
FIG. 100 is a vector diag 
which the distance between ; 
is 28. 

The signal point 83a of 36 QAM is spaced 6 from each 
axis of the coordinate. It is now assumed that n is a shift 
value of the 16 SRQAM. In 3 (rt SRQAM, the signal point 
83a is shifted to a signal point £3 where the distance from 
each axis is n8. Similarly, the nine 36 QAM signal points in 
the first quadrant are shifted to points 83, 84, 85, 86, 97, 98, 
99, 100, 101 respectively. If a signal point group 90 com- 
prising the nine signal points is regarded as a single signal 
point, the error rate Pej in reproduction of only the first data 
stream D t with a modified 4 PSK receiver and the error rate 
Pe2 in reproduction of the second 
discriminating the nine signal point) 
each other, are obtained respectively 1 



data stream D 2 after 
; of the group 90 from 
Ifrom: 
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FIG. 101 shows the relationship between error rate Fe and 
C/N rate in transmission in which the curve 900 represents 
a conventional or not mpdified 32 QAM signal. The straight 
line 905 represents a signal having 10" 1 - 3 of the error rate. 
The curve 901a represents a Dj level 32 SRQAM signal of 
the present invention at the shift rate n of 1.5. As shown, the 
C/N rate of the 32 SRQ/lM signal is 5 dB lower at the error 
rate of 10" 1 * 3 than that qf the conventional 32 QAM. This 
means that the present invention allows a Dj signal to be 
reproduced at a given error rate when its C/N rate is 
relatively low. \ 

The curve 902a represents a D 2 level SRQAM signal at 
• n=1.5 which can be reproduced at the error rate of lQ~ lmS 
only when its C/N rate is b.5 dB higher than that of the 
conventional 32 QAM of trie curve 900. Also, the curves 
9016 and 9026 represent Dj and D 2 SRQAM signals at 
n=2.0 respectively. The curves 902c represents a D 2 
SRQAM signal at n=2.5. It ii apparent that the C/N rate of 
the SRQAM signal at the errcV data of 10" 1 - 5 is 5 dB, 8 dB, 
and 10 dB higher at n=1.5, 2.U, and 2.5 respectively in the 
Dj level and 2.5 dB lower iA the D 2 level than that of a 
common 32 QAM signal. \ 

Shown in FIG. 103 is the C/N rate of the first and second 
data streams D 1( D 2 of a 32 SRQAM signal which is needed 
for maintaining a constant errorrate against variation of the 
shift n. As apparent, when the shift n is more than 0.8, there 
is developed a clear difference Between two C/N rates of 
their respective Dj and D 2 levels so that the multi-level 
signal, namely first and second oata, transmission can be 
implemented successfully. In brief, n>0.85 is essential for 
multi-level data transmission of theB2 SRQAM signal of the 
present invention. \ 

FIG. 102 shows the relationship batween the C/N rate and 
the error rate for 16 SRQAM signals. The curve 900 
represents a common 16 QAM signal. The curves 901a, 
9016, 901c and D x level or first date stream 16 SRQAM 
signals at n=1.2, 1.5, and 1.8 respectively. The curves 902a, 
9026, 902c are D 2 level or second datk stream 16 SRQAM 
signals at n=1.2, 1.5, and 1.8 respectively. 

The C/N rate of the first and second nata streams D,, D 2 
of a 16 SRQAM signal is shown in FIG. 104, which is 
needed for maintaining a constant error rate against variation 
of the shift n. As apparent, when the shimn is more than 0.9 
(n>0.9), the multi-level data transmission of the 16 SRQAM 
signal will be executed. \ 

One example of propagation of SRQAM signals of the 
present invention will now be described for use with a digital 
TV terrestrial broadcast service. FIG. 105lshows the rela- 
tionship between the signal level and the distance between 
a transmitter antenna and a receiver antenna m the terrestrial 
broadcast service. The curve 911 represent^ a transmitted 
signal from the transmitter antenna which is K250 feet high. 
It is assumed that the error rate essential for reproduction of 
an applicable digital TV signal is 1CT 1 - 3 . The hatching area 
912 represents a noise interruption. The point 9l0 represents 
a signal reception limit of a conventional 32 QAM signal at 
C/N=15 dB where the distance L is 60 miles and a digital 
HDTV signal can be intercepted at minimum. \ 

The C/N rate varies 5 dB under a worst caseVeceiving 
condition such as bad weather. If a change in theVelevanl 
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condition, e.g. weather, attenuates the ON rate, the inter- 
ception of an HDTV signal will hardly be ensured. Also, 
geographical conditions largely affect the propagation of 
signals and a decrease of about 10 dB at least will be 
unavoidable. Hence, successful signal interception within 60 
miles will never be guaranteed and above all, a digital signal 
will be harder to propagate than an analogue signal. It would 
be understood thatlthe service area of a conventional digital 
TV broadcast service is less dependable. 

In case of the 321SRQAM signal of the present invention 
or the 8-VSB showi in FIG. 68, three-level signal transmis- 
sion system is constituted as shown in FIGS. 133 and 137. 
This permits a low Absolution NTSC signal of MPEG level 
to be carried on the 1-1 data stream D^,, a medium 
resolution TV data ofle.g. NTSC system to be carried on the 
1-2 data stream DjJ and a high frequency component of 
HDTV data to be carried on the second data stream D 2 . 
Accordingly, the service area of the 1-2 data stream of the 
SRQAM signal is increased to a 70 mile point 910a while of 
the second data stream remains within a 55 mile point 910&, 
as shown in FIG. 105. FIG. 106 illustrates a computer 
simulation result of the service area of the 32 SRQAM signal 
of the present invention, which is similar to FIG. 53 but 
explains it in more detail. As shown, the regions 708, 703c, 
703a, 703f>, and 712 represent a conventional 32 QAM 
receivable area, a 1-1 da& level D,., receivable area, a 1-2 
data level D t . 2 receivable area, a second data level D 2 
receivable area, and a service area of a neighbor analogue 
TV station respectively. Trie conventional 32 QAM signal 
data used in this drawina is based on a conventionally 
disclosed one. ^ 

For common 32 QAM signal, the 60-mile-radius service 
area can be established theoretically. The signal level will 
however be attenuated by geographical or weather condi- 
tions and particularly, considerably declined at near the limit 
of the service area. \ 

If the low frequency bandlTV component of MPEG1 
grade is carried on the 1-1 level D,., data and the medium 
frequency band TV componenflof OTSC grade on the 1-2 
level Dj.2 data and high frequency band TV component of 
HDTV on the second level D 2 qata, the service area of the 
32 SRQAM signal of the present invention is increased by 
10 miles in radius for reception^ of an EDTV signal of 
medium resolution grade and 18 miles for reception of an 
LDTV signal of low resolution gratie although decreased by 
5 miles for reception of an HDTV signal of high resolution 
grade, as shown in FIG. 106. FIG. K)7 shows a service area 
in case of a shift factor n or s=1.8. FIG. 135 shows the 
service area of FIG. 107 in terms oil area. 

More particularly, the medium resolution component of a 
digital TV broadcast signal of the SRQAM mode of the 
preset invention can successfully be intercepted in an unfa- 
vorable service region or shadow area where a conventional 
medium frequency band TV signal is hardly propagated and 
attenuated due to obstacles. Within aft least the predeter- 
mined service area, the NTSC TV signal of the SRQAM 
mode can be intercepted by any traditional TV receiver. As 
the shadow or signal attenuating area developed by building 
structures and other obstacles or by interference of a neigh- 
bor analogue TV signal or produced in a low land is 
decreased to a minimum, TV viewers or subscribers will be 
increased in number. \ 

Also, the HDTV service can be appreciated by only a few 
viewers who afford to have a set of high cost HDTV receiver 
and display, according to the conventional system. The 
system of the present invention allows a traditional NTSC, 
PAL, or SEC AM receiver to intercept a medium resolution 
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component of the digital HDTV signal with the use of an 
additional digital tunfer. A majority of TV viewers can hence 
enjoy the service, aj less cost and will be increased in 



number. This will en 
create an extra socia 
Furthermore, the s 
lution or NTSC TV 



;ourage the TV broadcast business and 
benefit. 

gnal receivable area for medium reso- 
ervice according to the present inven- 



tion is increased about 36% at n=2.5, as compared with the 
conventional system, As the service area thus the number of 
TV viewers is increa ied, the TV broadcast business enjoys 
an increasing profit. ' "his reduces a risk in the development 
of a new digital TV b isiness which will thus be encouraged 
to put into practice. 

FIG. 107 shows th< service area of a 32 SRQAM signal 
of the present invention in which the same effect will be 
ensured at n=1.8. Two service areas 703c and 7036, of Dj 
and D 2 signals respectively can be determined in extension 
for optimum signal propagation by varying the shift n 
considering a profile of HDTV and NTSC receiver distri- 
bution or geographical features. Accordingly, TV viewers 
will satisfy the service] and a supplier station will enjoy a 
maximum of viewers, i 
This advantage is given when: 

1 

\ 

D>1.0 I 

Hence, if the 32 SRQAM signal is selected, the shift n is 
determined by: J 

S 

1ok5 

Also, if the 16 SRQAM signal is employed, n is determined 
by: 



s 

In the SRQAM mode signal terrestrial broadcast service 
in which the first and second data levels are created by 
shifting corresponding signal points as shown in FIGS. 99 
and 100, the advantage of the present invention will be given 
when the shift n in a 16, 32} or 64 SRQAM signal is more 
than 1.0. | 

In the above embodiments, the low and high frequency 
band components of a video signal are transmitted as the first 
and second data streams. However, the transmitted signal 
may be an audio signal. In this case, low frequency or low 
resolution components of an audio signal may be transmitted 
as the first data stream, and high frequency or high resolu- 
tion components of the audio signal may be transmitted as 
the second data stream. Accordingly, it is possible to receive 
high C/N portion in high sound quality, and low C/N portion 
in low sound quality. This can be\utilized in PCM broadcast, 
radio, portable telephone and the like. In this case, the 
broadcasting area or communication distance can be 
expanded as compared with the conventional systems. 

Furthermore, the third embodiment can incorporate a time 
division multiplexing (TDM) system as shown in FIG. 133. 
Utilization of the TDM makes it possible to increase the 
number of subchannels. An ECC encoder 743a and ECC 
encoder 7436, provided in two subchannels, differentiate 
ECC code gains so as to make a difference between thresh- 
olds of these two subchannels, whereby an increase in the 
number of channels of the multi-level signal transmission 
can be realized. In this case, it is also possible to provide the 
ECC encoder, such as two Trellis encoders 743a and 7436 
for VSB-ASK signals of 4 VSB, 8 VSB, 16 VSB as shown 
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in FIG, 137 anti differentiate their code gains. The explana- 
tion of this block diagram is substantially identical to that of 
later described block diagram of FIG. 131 which shows the 
sixth embodiment of the present invention and, therefore, 
will not be described here. 

FIG. 131 is a block diagram of the magnetic recording and 
reproducing apparatus, and FIG. 137 is a block diagram of 
the transmission apparatus. 

The up converter of the transmitter and the down con- 
verter of the receiver of the transmission apparatus can be 
substituted for the] magnetic head recording signal amplifier 
circuit and the magnetic head reproducing signal amplifier 
circuit of the magnetic recording and reproducing apparatus, 
respectively, and tljere respective components are therefore 
identically constructed. The configuration and operation of 
the modulator and|demodulator of the magnetic recording 
and reproducing apparatus are therefore also identical to 
those of the transmission apparatus. Similarly, the recording/ 
reproducing/transmission system shown in FIG. 84 is iden- 
tical in construction to the transmission system shown in 
FIG. 156. To furthensimplify the system, the configuration 
shown in the block diagram of FIG. 157 can be used, or for 
even greater simplification the block diagram of FIG. 158 
can be used. \ 

In a simulation oft FIG. 106, there is provided 5 dB 
difference of a coding gain between 1-1 subchannel Dj.j and 
1-2 subchannel D^. \ 

An SRQAM is the system applying a C-CDM (Constel- 
lau'on-Code Division Multiplex) of the present invention to 
a rectangle-QAM. A C-CDM, which is a multiplexing 
method independent of ^DM or FDM, can obtain subchan- 
nels by dividing a constellation-code corresponding to a 
code. An increase of the number of codes will bring an 
expansion of transmission capacity, which is not attained by 
TDM or FDM alone, w^hile maintaining almost perfect 
compatibility with conventional communication apparatus. 
Thus C-CDM can bring excellent effects. 

Although above embodiment combines the C-CDM and 
the TDM, it is also possiblelto combine the C-CDM with the 
FDM (Frequency Division Multiplex) to obtain similar 
modulation effect of threshold values. Such a system can be 
used for a TV broadcasting, and FIGS. 108(a)-108(e) show 
shows a frequency distribution of a TV signal. A spectrum 
725 represents a frequency distribution of a conventional 
analogue, e.g. NTSC, broadcasting signal. The largest signal 
is a video carrier 722. A color carrier 723 and a sound carrier 
724 are not so large. There is known a method of using an 
FDM for dividing a digital broadcasting signal into two 
frequencies. In this case, a carrier is divided into a first 
carrier 726 and a second carrier ||727 to transmit a first 720 
and a second signal 721 respectively. Interference can be 
lowered by placing first and second carriers 726 and 727 
sufficiently far from the video carrier 722. The first signal 
720 serves to transmit a low resolution TV signal at a large 
output level, while the second signal 721 serves to transmit 
a high resolution TV signal at a small output level. Conse- 
quently, the multi-level signal transmission making use of an 
FDM can be realized without being bothered by obstruction. 

FIG. 134 shows an example of a\ conventional method 
using a 32 QAM system. As the subchannel A has a larger 
output than the subchannel B, a threshold value for the 
subchannel A, Lc. a threshold 1, can be set small 4-5 dB than 
a threshold value for the subchannel B, i.e. a threshold 2. 
Accordingly, a two-level broadcasting having 4-5 dB 
threshold difference can be realized. In this case, however, 
a large reduction of signal reception amount will occur if the 
receiving signal level decreases below 'the threshold 2. 
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Because the second signal 721a, having a large information 
amount as shaded in me drawing, cannot be received in such 
a case and only the first signal 720a, having a small 
information amount, as received. Consequently, a pecture 
quality brought by thetsecond level will be extremely worse. 

However, the presmt invention resolves this problem. 
According to the present invention, the first signal 720 is 
given by 32 SRQANflmode which is obtained through 
C-CDM modulation so mat the subchannel A is divided into 
two subchannels 1 of A and 2 of A. The newly added 
subchannel 1 of A, having a lowest threshold value, carries 
a low resolution component. The second signal 721 is also 
given by 32 SRQAM mode, and a threshold value for the 
subchannel 1 of B is equalized with the threshold 2. 

With this arrangement, the region in which a transmitted 
signal is not received when the signal level decreases below 
the threshold 2 is reduced to a shaded portion of the second 
signal 721a in FIG. 108. As the subchannel 1 of B and the 
subchannel A are both receivable, the transmission amount 
is not so much reduced in topi. Accordingly, a better picture 
quality is reproduced even ui the second level at the signal 
level of the threshold 2. 1 

By transmitting a normal resolution component in one 
subchannel, it becomes possible to increase the number of 
multiple level and expand a low resolution service area. This 
low-threshold subchannel is utilized for transmitting impor- 
tant information such as sound information, sync informa- 
tion, headers of respective data, because these information 
carried on this low-threshold subchannel can be surely 
received Thus stable reception is feasible. If a subchannel is 
newly added in the second signal 721 in the same manner, 
the number of levels of multi-level transmission can be 
increased in the service area. In the case where an HDTV 
signal has 1050 scanning lines/an new service area equiva- 
lent to 775 lines can be provided in addition to 525 lines. 

Accordingly, the combination of the FDM and the 
C-CDM realizes an increase of service area. Although above 
embodiment divides a subchannel into two, it is needless to 
say it is also possible to divide it into three or more parts. 

Next, a method of avoiding obstruction by combining the 
TDM and the C-CDM will be explained. As shown in FIG. 
109, an analogue TV signal includes a horizontal retrace line 
portion 732 and a video signal portion 731. This method 
utilizes a low signal level of the\ horizontal retrace line 
portion 732 and non-display of obstruction on a picture 
plane during this period. By synchronizing a digital TV 
signal with an analogue TV signal, ^horizontal retrace line 
sync slots 733 and 733a of the horizontal retrace line portion 
732 can be used for transmission of ariimportant signal, e.g. 
a sync signal or numerous data at a high output level. Thus, 
it becomes possible to increase the data amount or output 
level without increasing obstruction. A similar effect will be 
expected even if vertical retrace line sync slots 737 and 737a 
are provided synchronously with vertical retrace line por- 
tions 735 and 735a \ 

FIG. 110 shows a principle of the C-CDM. Furthermore, 
FIG. Ill shows a code assignment of the C^CDM equivalent 
to an expanded 16 QAM. FIG. 112 shows a code assignment 
of the C-CDM equivalent to an expanded 32 QAM. As 
shown in FIGS. 110 and 111, a 256 QAM signal is divided 
into four, 740a, 7406, 740c, and 740a\ levels which have 4, 
16, 64, and 256 segments, respectively. A signal code word 
742^ of 256 QAM on the fourth level 740a 1 is H 1111111" of 
8 bits. This is split into four code words 741a, 7416, 741c, 
and 741J of 2-bits— i.e. "11" "11", "11", which are 
then allocated on signal point regions 742a, 742b 1 742c, and 
742a* of first, second, third, and fourth levels 7^40a, 7406, 
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740c, and 74(W f respectively. As a result, subchannels 1, 2, 
3, and 4 of 2 bits are created. This is termed C-CDM 
(Constellatio; i-Code Division Multiplex). FIG.,111 shows a 
detailed cod: assignment of the C-CDM equivalent to 
expanded 16 QAM, and FIG. 112 shows a detailed code 
assignment o r the C-CDM equivalent to expanded 32 QAM. 
As the C-CDM is an independent multiplexing method, it 
can be combned with the conventional FDM (Frequency 
Division Mukiplcx) or TDM (Time Division Multiplex) to 
further increa >e the number of subchannels. In this manner, 
the C-CDM i lethod realizes a novel multiplexing system. 
Although the C-CDM is explained by using rectangular 
QAM, other i lodulation system having signal points, e.g. 
QAM, PSK, ASK, and even FSK if frequency regions are 
regarded as signal points, can be also used for this multi- 
plexing in the same manner. 

For example^ the error rate of the subchannel 1 of 8PS- 
APSK, explained in the embodiment 1 with reference to 
FIG. 139, will he expressed as follows: 

-"+^(ifc)'+-( J *£-) 

The error rate of^the subchannel 2 is expressed as follows: 

Pei^~ erfc 

Furthermore, the eVror rate of the subchannel 1 of 16-PS- 
APSK (PS type), explained with reference to FIG. 142, will 
be expressed as follow: 

The error rate of the subchannel 2 is expressed as follows: 

=T^lirj + Tfl — 25 — j + 




T e *\ 25 ) 

The error rate of the subchannel 3 is expressed as follows: 



EMBODIMENT 4 

A fourth embodiment of the present invention will be 
described referring to the relevantldrawings. 

FIG. 37 illustrates the entire arrangement of a signal 
transmission system of the fourth ^embodiment, 'which is 
arranged for terrestrial service and similar in both construc- 
tion and action to that of the third embodiment shown in 
FIG. 29. The difference is that the transmitter antenna 6 is 
replaced by a terrestrial antenna 6a anauhe receiver antennas 
22, 23, and 24 arc also replaced by three terrestrial antennas 
22a, 23a, and 24a. The action of the system is identical to 
that of the third embodiment and will not be explained in 
more detail. The terrestrial broadcast service unlike a satel- 
lite service depends much on the distance between the 
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transmitter antenna 6a to the receiver antennas 22a, 32a, and 
42a. If a receiver is located far from the transmitter, the level 
of a received sigijal is low. Particularly, a common multi- 
level QAM signal tan hardly be demodulated by the receiver 
which thus reprocWs no TV program. 

The signal tranlmission system of the present invention 
allows the first receiver 23 equipped with the antenna 22a, 
which is located A a far distance as shown in FIG. 37, to 
intercept a modifidd 16 or 64 QAM signal and demodulate 
at 4 PSK mode the) first data stream or D x component of the 
received signal to] an NTSC video signal so that a TV 
program picture of medium resolution can be displayed even 
if the level of the deceived signal is relatively low. 

Also, the seconfl receiver 33 with the antenna 32a is 
located at a medium distance from the antenna 6a and can 
thus intercept and (demodulate both first and second data 
streams or D t and w 2 components of the modified 16 or 64 
QAM signal to an HDTV video signal which in turn 
produces an HDTV [program picture. 

The third receiven43 with the antenna 42a is located at a 
near distance and can intercept and demodulate the first, 
second, and third data streams or D,, D 2 , and D 3 compo- 
nents of the modified U 6 or 64 QAM signal to a super HDTV 
video signal which irl turn produces a super HDTV picture 
in quality to a commin movie picture. 

The assignment of frequencies is determined by the same 
manner as of the time division multiplexing shown in FIGS. 
34, 35, and 36. Like rIG. 34, when the frequencies are 
assigned to first to sixth channels, LI of the Dj component 
carries an NTSC data fcf the first channel, Ml of the D 2 
component carries an HDTV difference data of the first 
channel, and HI of the Dl component carries a super HDTV 
difference data of the fiVst channel. Accordingly, NTSC, 
HDTV, and super HDTV fiata all can be carried on the same 
channel. If D 2 and D 3 of the other channels are utilized as 
shown in FIGS. 35 and 3& more data of HDTV and super 
HDTV respectively can be transmitted for higher resolution 
display. \ 

As understood, the system allows three different but 
compatible digital TV signals to be carried on a single 
channel or using D 2 and D 3 rigions of other channels. Also, 
the medium resolution TV picture data of each channel can 
be intercepted in a wider service area according to the 
present invention. \ 

A variety of terrestrial digital TV broadcast systems 
employing a 16 QAM HDTV stenal of 6 MHz bandwidth 
have been proposed. Those are however not compatible with 
the existing NTSC system and thus, have to be associated 
with a simulcast technique for transmitting NTSC signals of 
the same program on another channel. Also, such a common 
16 QAM signal limits a service area. The terrestrial service 
system of the present invention allows a receiver located at 
a relatively far distance to mtercept Wcessfully a medium 
resolution TV signal with no use of ah additional device nor 
an extra channel. \ 

FIG. 52. shows an interference region of the service area 
702 of a conventional terrestrial digital HDTV broadcast 
station 701. As shown, the service area 702 of the conven- 
tional HDTV station 701 intersects withtthe service area 712 
of a neighboring analogue TV station 711. At the intersect- 
ing region 713, an HDTV signal is attenuated by signal 
interference from the analogue TV station\711 and will thus 
be intercepted with less consistency. \ 

FIG. 53 shows an interference region associated with the 
multi-level signal transmission system of tha present inven- 
tion. The system is low in the energy utilization as compared 
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with a conventional system and its service area 703 for 
HDTV signal propagation is smaller than the area 702 of the 
conventional system. On the contrary, the service- area 704 
for digital NTSu or medium resolution TV signal propaga- 
tion is larger than the conventional area 702. The level of 
signal interference from a digital TV station 701 of the 
system to a neighboring analogue TV station 711 is equiva- 
lent to that from k conventional digital TV station, such as 
shown in FIG. 52 

In the service aiea of the digital TV station 701, there are 
three interference pgions developed by signal interference 
from the analogue TV station 711. Both HDTV and NTSC 
signals can hardly Ibe intercepted in the first region 705. 
Although fairly interfered, an NTSC signal may be inter- 
cepted at an equal level in the second region 706 denoted by 
the left down hatchibg. The NTSC signal is carried on the 
first data stream whicti can be reproduced at a relatively low 
C/N rate and will thus be minimum affected when the C/N 
rate is declined by signal interference from the analogue TV 
station 711. \ 

At the third region! 707 denoted by the right down 
hatching, an HDTV signal can also be intercepted when 
signal interference is absent while the NTSC signal can 
constantly be intercepted at a low level. 

Accordingly, the overall signal receivable area of the 
system will be increased although the service area of HDTV 
signals becomes a little bi\ smaller than that of the conven- 
tional system. Also, at the\ signal attenuating regions pro- 
duced by interference from a neighboring analogue TV 
station, NTSC level signals of an HDTV program can 
successfully be intercepted as compared with the conven- 
tional system where no HDW program is viewed in the 
same area. The system ofithe present invention much 
reduces the size of signal \attenuating area and when 
increases the energy of signal ^transmission at a transmitter 
or transponder station, can extend the HDTV signal service 
area to an equal size to the conventional system. Also, NTSC 
level signals of a TV program can be intercepted more or 
less in a far distance area where! no service is given by the 
conventional system or a signal interference area caused by 
an adjacent analogue TV station.! 

Although the embodiment employs a two-level signal 
transmission method, a three-Ievelmethod such as shown in 
FIG. 78 will be used with equal success. If an HDTV signal 
is divided into three picture levels\HDTV, NTC, and low 
resolution NTSC, the service area shpwn in FIG. 53 will be 
increased from two levels to three levels where the signal 
propagation is extended radially anmoutwardly. Also, low 
resolution NTSC signals can be received at an acceptable 
level at the first signal interference region 705 where NTSC 
signals are hardly be intercepted in the \wo-level system. As 
understood, the signal interference is also involved from a 
digital TV station to an analogue TV station. 

The description will now be continued, provided that no 
digital TV station should cause a signal interference to any 
neighboring analogue TV station. According to a novel 
system under consideration in U.S.A., novuse channels of 
the existing service channels are utilizcdlfor HDTV and 
thus, digital signals must not interfere with analogue signals. 
For the purpose, the transmitting level of a digital signal has 
to be decreased lower than that shown in mG. 53. If the 
digital signal is of conventional 16 QAM or 4 PS K mode, its 
HDTV service area 708 becomes decreased as the signal 
interference region 713 is fairly large as shown in FIG. 54. 
This results in a less number of viewers arid sponsors, 
whereby such a digital system will have much difficulty in 
operating as a profitable business. \ 
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FIG. 55 shows a similar result according to the system of 
the present inventic n. As apparent, the HDTV signal receiv- 
able 703 is a little I it smaller than the equal area 708 of the 
conventional syste n. However, the lower resolution or 
NTSC TV signal r< ceivable area 704 will be increased as 
compared with the x)nventional system. The hatching area 
represents a regior where the NTSC level signal of a 
program can be rece ived while HDTV signal of the seme is 
hardly intercepted. > t the first interference region 70S, both 
HDTV and NTSC si ( jnals cannot be intercepted due to signal 
interference from ar analogue station 711. 

When the level ol signals is equal, the multi-level trans- 
mission system of ti e present invention provides a smaller 
HDTV service area and a greater NTSC service area for 
interception of an HI )TV program at an NTSC signal level 
Accordingly, the overall service area of each station is 
increased and more ' iewers can enjoy its TV broadcasting 
service. Furthermore HDTV/NTS C compatible TV busi- 
ness can be operated with economical advantages and con- 
sistency. It is also inl ended that the level of a transmitting 
signal is increased when the control on averting signal 
interference to ncighb >ring analogue TV stations is lessened 
corresponding to a sha p increase in the number of home-use 
digital receivers. Hen< e, the service area of HDTV signals 
will be increased and in this respect, the two different 
regions for interceptio i of HDTV/NTSC and NTSC digital 
TV signal levels resp sctively, shown in FIG. 55, can be 
adjusted in proportion \ y varying the signal point distance in 
the first and/or second lata stream. As the first data stream 
carries information abo it the signal point distance, a multi- 
level signal can be rec( ived with more certainty. 

FIG. 56 illustrates signal interference between two digital 
TV stations in which alneighboring TV station 701a also 
provides a digital TV broadcast service, as compared with an 
analogue station in FIG. £2. Since the level of a transmitting 
signal becomes high, the! HDTV service or high resolution 
TV signal receivable area 703 in increased to an extension 
equal to the service area y02 of an analogue TV system. 

At the intersecting region 714 between two service areas 
of their respective stations, the received signal can be 
reproduced not to an HDTIV level picture using a common 
directional antenna due tp signal interference but to an 
particular directional antenna 
r station. If a highly directional 
\ signal from a target station will 
picture. The low resolution 
signal receivable area 704Us increased larger than the 
analogue TV system servicel area 702 and a pair of inter- 
secting regions 715 and 716 developed by the two low 



NTSC level picture with 
directed towards a desired ' 
antenna is used, the received 
be reproduced as an HD1 



resolution signal receivable 
respective digital TV station 
received signal from an anten 
stations to be reproduced as ; 



reas 704 and 704a of their 
701 and 701a permit the 
la directed to one of the two 
NTSC level picture. 



The HDTV service area of the multi-level signal trans- 
mission system of the present invention itself will be much 
increased when applicable signal restriction rules are with- 
drawn in a coming digital TV\broadcast service maturity 
time. 

At the time, the system of i 
provides as a wide HDTV signa 
conventional system and particula 
signal to be reproduced at an 
distance or intersecting areas where TV signals of the 
conventional system are hardly intercepted. Accordingly, 
signal attenuating or shadow region^ in the service area will 
be minimized. 



he present invention also 
1 receivable area as of the 
\\y $ allows its transmitting 
TSC level in a further 
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EMBODIMENT 5 

A fifth embodiment of the present invention resides in 
amplitude modulation or ASK procedure. FIG. 57 illustrates 
the assignmenQof signal points of a 4-leveI ASK signal, such 
as VSB signal Aaccording to the fifth embodiment, in which 
four signal poihts are denoted by 721, 722, 723, and 724. 
FIG. 68(a) shota the constellation of 8-Ievel VSB signal. 
The four-level ttransmission permits a 2-bit data to be 
transmitted in every cycle period where as the eight-level 
transmission permits a 4-bit data. It is assumed that the four 
signal points 7211 722, 723, and 724 in the case of 4 VSB 
represent two-bit battems 00, 01, 10, and 11 respectively. 

In FIG. 58, thd constellation of 4-leveI ASK, such as 
4-level VSB, is shown. For ease of four-level signal trans- 
mission of the embodiment, the two signal points 721 and 

722 are designated as a first signal point group 725 and the 
other two signal points 723 and 724 are designated as a 
second signal point group 726. The distance between the two 
signal point groups 725 and 726 is then determined wider 
than that between any two adjacent signal points. More 
specifically, the distante Lq between the two signals 722 and 

723 is arranged widcrlthan the distance L between the two 
adjacent points 721 arid 722 or 723 and 724. 

This is expressed as\ 



1^>L 

Hence, the multi-level signal transmission system of the 
embodiment is based on l\>>L. The embodiment is however 
not limited to Lq>L, and LA=L will be employed temporarily 
or permanently depending! on the requirements of design, 
condition, and setting. In thte case of VSB, the constellation 
shown in FIGS. 68(a) and lb) are taken. 

The two signal point groJp are assigned one-bit patterns 
of the first data stream D lt as shown in FIG. 59(a). More 
particularly, a bit 0 of binarylsystem is assigned to the first 
signal point group 725 and anither bit 1 to the second signal 
point group 726. Then, a one-pit pattern of the second data 
stream D 2 is assigned to each signal point. For example, the 
two signal points 721 and 723iare assigned D 2 =0 and the 
other two signal points 722 and 724 are assigned D 2 =l. 

The multi-level signal transmission of the present inven- 
tion can be implemented in an ASK mode using the fore- 
going signal point assignment. 1jhe system of the present 
invention works in the same manner as of a conventional 
equal signal point distance technique when the signal to 
noise ratio or C/N rate is high. If tne C/N rate becomes low 
and no data can be reproduced by\ the conventional tech- 
nique, the present system ensures reproduction of the first 
data stream D, but not the second data stream D 2 . In more 
detail, the state at low C/N is shown tin FIG. 60 illustrating 
the constellation of ASK of 4 VSB. The signal points 
transmitted are displaced by a Gaussian distrigution to 
ranges 721a, 722a, 723a, and 724a\ respectively at the 
receiver side due to noise and transmission distortion. There- 
fore, the distinction between the two signals 721 and 722 in 
the case of slice level 2 or between 723 knd 724 in the case 
of slice level 4 will hardly be executed. Ijn other words, the 
error rate in the second data stream D 2 will be increased. As 
apparent from FIG. 60, the two signal poinfis 721 and 722 are 
easily distinguished from the other two signal points 723 and 
724. The distinction between the two signal point groups 
725 and 726 can thus be carried out with east. As the result, 
the first data stream Dj will be reproduced at a\low error rate. 

Accordingly, the two different level data D^d D 2 can be 
transmitted simultaneously. More particularlyAboth the first 
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and second data st earns D, and D 2 of a given signal 
transmitted through he multi-level transmission system can 
be reproduced at the area where the C/N rate is high and the 
first data stream D! ( nly can be reproduced in the area where 
the C/N rate is low. 

FIG. 61 is a blocl : diagram of a transmitter 741 in which 
an input unit 742 coi nprises a first data stream input 743 and 
a second data stream input 744. A carrier wave from a carrier 
generator 64 is ami Ktude modulated by a multiplier 746 
using an input signa fed through a processor 745 from the 
input unit 743 to provide the 4-IeveI or 8-lcvel ASK signal, 
as shown in FIG. fl2(a). The modulated signal, i.e., the 
4-level or 8-level ASK signal is then band limited by a band 
pass filter 747 into la vestigial side band having some 
residual side band of t tie carrier, as shown in FIG. 62(b), i.e., 
to an ASK signal of e g. VSB mode which is then delivered 
from an output unit 748. 

The waveform of tfie ASK signal after filtering will now 
be examined. FIG. 62(a) shows a frequency spectrum of the 
ASK modulated signa in which two sidebands are provided 
on both sides of the carrier frequency band. One of the two 
sidebands is eliminated by the filter 474 to produce a signal 
749 which contains a iarrier component as shown in FIG. 
62(b). The signal 749 il a VSB signal and if the modulation 
frequency band is f 0 , will be transmitted in a frequency band 
of about f(/2. Hence, pie frequency utilization becomes 
high. Using VSB mode transmission, the ASK signal of two 
bit per symbol shown inlHG. 60 can thus carry in the same 
frequency band an amount of data equal to that of 16 QAM 
mode at four bits per syirlbol for 4 VSB, and 32 QAM mode 
at five bits per symbol for 8 VSB. 

FIG. 63 is a block diagram of a receiver 751 in which an 
input signal intercepted py a terrestrial antenna 32a is 
transferred through ah inpjit unit 752 to a mixer 753 where 
it is mixed with a signal from a variable oscillator 754 
controlled by channel selection to a lower medium fre- 
quency signal. The signal from the mixer 753 is then 
detected by a detector 755 knd filtered by an LPF 756 to a 
baseband signal which is transferred to a discriminating/ 
demodulator circuit 757 which has 4-level slicer in the case 
of 4 VSB, and 8-Ievel slicdr in the case of 8 VSB. The 
discrimination/demodulator circuit 757 reproduces two, first 
Dj and second D 2 , data streams from the baseband signal 
and transmits them further through first and second data 
stream output 758 and 759 respectively. 

The transmission of a TV signal using such a transmitter 
and a receiver will be explained. FIG. 64 is a block diagram 
of a video signal transmitter 77ft in which a high resolution 
TV signal, e.g. an HDTV signal! is fed through an input unit 
403 to a divider circuit 404 oft a first video encoder 401 
where it is divided into four hign/low frequency TV signal 
components denoted by e.g. }\V L , -H^V,,, H 7/ V L , and 

; of the third embodi- 
ment previously described referririjg to FIG. 30 and will not 
be explained in more detail. The four separate TV signals are 
encoded respectively by a compressor 405 using a known 
DPCMDCT variable length code encoding technique which 
is commonly used e.g. in MPEG. Meanwhile, the motion 
compensation of the signal is carriep out at the input unit 
403. The compressed signals are sun 
into two, first and second, data stre 
frequency video signal component < 
tained in the first data stream D|. 
signals and D 2 are then transferred 



ned by a summer 771 
t D : and D 2 . The low 
i L V L signal is con- 
tie two data stream 
first and second 



data stream inputs 743 and 744 of a tknsmitter unit 741 
where they are amplitude modulated ana summed into an 
ASK signal of e.g. VSB mode which is propagated from a 
terrestrial antenna for broadcast service. 
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FIG. 65 is a block diagram of a TV receiver for such a 
digital TV broad< ast system. A 4-VSB or 8-VSB digital TV 
signal interceptc( 1 by a terrestrial antenna 32a is 'fed to an 
input 752 of a rec eiver 781. The signal is then transferred to 
a VSB detection) demodulation circuit 760 where a desired 
channel signal is selected and demodulated to two, first and 
second, data stra ms D x and D 2 which are then fed to first 
and second data fctrcam outputs 758 and 759 respectively. 
The operation inline receiver unit 751 is similar to that 
described previously and will not be explained in more 
detail. The two dala streams Dj and D 2 are sent to a divider 
unit 776 in whichlD! is divided by a divider 777 into two 
components; one or compressed H^V^ is transferred to a first 
input 521 of a second video decoder 422 and the other is fed 
to a summer 778 [where it is summed with D 2 prior to 
transfer to a seconfl input 531 of the second video decoder 
422. Compressed lLv L is then sent from the first input 521 
to a first expander 523 where it is expanded to H^V^ of the 
original length whifch is then transferred to a video mixer 
548 and an aspect ratio changing circuit 779. When the input 
TV signal is an HDTV signal, H L \ L represents a wide- 
screen NTSC signal. When the same is an NTSC signal, 
H/V L represents al lower resolution video signal, e.g. 
MPEG1, that an NTSC level. 

The input TV signal of the embodiment is an HDTV 
signal and H L V L becomes a wide-screen NTSC signal. If the 
aspect ratio of an avaflable display is 16:9, H L V L is directly 
delivered through an dutput unit as a 16:9 video output 426. 
If the display has an akpect ratio of 4:3, H L V L is shifted by 
the aspect ratio chanting circuit 779 to a letterbox or 
sidepanel format and men, delivered from the output unit 
780 as a corresponding format video output 425. 

The second data 
stream output 759 to tht summer 778 is summed with the 
output of the divider 777 to a sum signal which is then fed 
to the second input 531\of the second video decoder 422. 
The sum signal is furthentransferred to a divider circuit 531 
while it is divided into qiree compressed forms of H^V^, 
; compressed signals are then fed 
536, and a fourth expander 537 
; by expansion to H^V^, H^V^, 
length. The three signals are 
[ video mixer 548 to a composite 
t through an output 546 of the 
output unit 780. Finally, the 
om the output unit 780 as an 



to a second 535, a third] 
respectively for converting 
and H^V,,, of the origin! 
summed with H^V^, by the 
HDTV signal which is 
second video decoder to 
HDTV signal is delivered : 
HDTV video signal 427. 

The output unit 780 is arranged for detecting an error rate 
in the second data stream of the second data stream output 
759 through an error rate detettor 782 and if a condition in 
which the error rate is high continues for a predetermined 
time, H^V^ of low resolution video data systematically are 
produced for a predetermined feme. 

Accordingly, the multi-level \signal transmission system 
for digital TV signal transmission and reception becomes 
feasible. For example, if a TV signal transmitter station is 
near, both the first and second oata streams of a received 
signal can successfully be reproquced to exhibit an HDTV 
quality picture. If the transmitter station is far, the first data 
stream can be reproduced to H L VV which is converted to a 
low resolution TV picture. HenceAany TV program will be 
intercepted in a wider area and displayed at a picture quality 
ranging from HDTV to NTSC I 

FIG. 66 is a block diagram showing another arrangement 
of the TV receiver. As shown, the receiver unit 751 contains 
only a first data stream output 768 aid thus, the processing 
of the second data stream or HDTV da\a is not needed so that 
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the overall constru :tion can be minimized. It is a good idea 
to have the first video decoder 421 shown in FIG. 31 as a 
video decoder of tie receiver. Accordingly, an NTSC level 
picture will be reproduced The receiver is fabricated at 
much less cost as h iving no capability to receive any HDTV 
level signal and w4l widely be accepted in the market. In 
brief, the receiver lean be used as an adapter tuner for 
interception of a digital TV signal with giving no modifi- 
cation to the existing TV system including a display. . 

When a scrambltd 4-level VSB or 8-level VSB is 
received as shown m FIG. 66, the scramble cancellation 
signal transmitted with the 4- or 8-level VSB signal is 
compared by the des< ramble number comparator 5026 with 
the number stored in t ae descramble number register 502r in 
the descrambler 502 Only when the transmitted stored 
numbers match is des gambling of specific scrambled trans- 
missions permitted. 

The TV receiver 
shown in FIG. 67, wl 
receiver for demodul; 
broadcast receiver foi 
operation, a PSK sign; 
mixed by a mixer 786 
into a low frequency 



81 may have a further arrangement 
i serves as both a satellite broadcast 
don of PSK signals and a terrestrial 
demodulation of VSB signals. In 
| received by a satellite antenna 32 is 
ith a signal from an oscillator 787 
which is then fed through an 
input unit 34 to a mixer ^53 similar to one shown in FIG. 63. 
The low frequency signkl of PSK or QAM mode in a given 
channel of the satellite TiV system is transferred to a modu- 
lator 35 where two datastreams D x and D 2 are reproduced 
from the signal. D x and D 2 arc sent through a divider 788 to 
a second video decoder 422 where they arc converted to a 
video signal which is then pelivered from an output unit 780. 
Also, a digital or analogut terrestrial TV signal intercepted 
by a terrestrial antenna 32d is fed through an input unit 752 
to the mixer 753 where onepesired channel is selected in the 
same manner as described in FIG. 63 and converted into to 
a low frequency base band! signal. The signal of analogue 
form is sent directly to the Demodulator 35 for demodula- 
tion. The signal of digital form is then fed to a discrimina- 
tion/demodulation circuit 757 where two data streams Dj 
and D 2 are reproduced from the signal. D x and D 2 are 
converted by the second video decoder 422 into a video 
signal which is then deliveredlfurther. A satellite analogue 
TV signal is transferred to a vineo demodulator 788 where 
it is AN modulated into an anajpgue video signal which is 
then delivered from the output uYiit 780. As understood, the 
mixer 753 of the TV receiver 781 shown in FIG. 67 is 
arranged to be compatible betweeVi two, satellite and terres- 
trial, broadcast services. Also, a receiver circuit including a 
detector 755 and an LPF 756 for AM modulation of an 
analogue signal can be utilized compatible with a digital 
ASK signal of the terrestrial TV sertvice. The major part of 
the arrangement shown in FIG. 67 is arranged for compat- 
ible use, thus minimizing a circuitry\construction. 

According to the embodiment, a ft-level ASK signal is 
divided into two, Dj and D 2 , level continents for execution 
of the one-bit mode multi-level signal transmission. If an 
8-level ASk signal as shown in FIGS.\68(a) and (fc) illus- 
trating the constellation of the 8-VSB\signal, i.e., 8-level 
VSB signal is used, it can be transmitted in a one-bit mode 
three-level, D lf D 2 , and D 3 , arrangeraentAthus, three bits pre 
symbol in total. A shown in FIG. 68(a), the first bit coding 
is done as follows. D 3 is assigned to eight Signal points 721a 
and 7216; 722a and 7226; 723a and 7231; and 724a and 
7246, each pair, i.e., small group, representing a two-level 
pattern using one bit. Next, the second bit c&ding is done as 
follows. D 2 is assigned to two signal point groups 721 and 
722; and 723 and 724, two mid groups representing a 
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two-level pattern using one bit. Next, the third bit coding is 
done as follows. I)„ is assigned to two large signal point 
groups 725 and 72 6 representing a two-level pattern using 
one bit. More particularly, this is equivalent to a form in 
which each of the f our signal points 721, 722, 723, and 724 
shown in FIG. 57 is divided into two components thus 
producing at the maximum, three different level data. 

As understood fipm the above, each of the eight signal 
points is assigned with three bit data (D l( D 2 , D 3 ). For 
example, if left side and right side are defined as logic 0 and 
logic 1, respectively! the three bit data (D 1( D 2 , D 3 ) for the 
signal point 722a wSl be (0, 1, 0). This can be explained as 
follows. Since the si, ;nal point 722a is in the left side of the 
two large groups 725 and 726, logic 0 is given to Dj. Also, 
the signal point 722 1 is in the right side of the two mid 
groups 721 and 722, so that logic 1 is given to D 2 . Further 
the signal point 722a is in the left side of the two small 
groups 722a and 722 ?, so that logic 0 is given to D 3 . In a 
similar manner, the th ee bit data (D l( D 2 , D 3 ) for the signal 
point 723a will be (1 0, 0). 

The three-level sign il transmission, such as for the digital 
HDTV, is identical to hat described in the third and fourth 
embodiments and will no further be explained in detail. 

The effects of telev sion broadcasting using the 8-level 
VSB shown in FIGS, 631(a), (b) % and (c) are described below. 

While the iransmiacfa data quantity is high with 8-level 
VSB, it also has a high* error rate than 4-level VSB for the 
same C/N value. HoweVer, in high image quality HDTV 
transmissions, the available transmission capacity makes it 
possible to apply more ecror correction coding, and the error 
rate can thus be reduced. This band capacity also enable 
multi-level (hierarchical^ television broadcasts and other 
new features in the fiitur< 
The relative effects of 
are described below. 

In ground station broadcasts using the NTSC or PAL 
frequency band, the usabldtransmission band is effectively 
limited to approximately 5 MHz because of the 6-MHz 
frequency limit of the NTSC format, for example, as shown 
in FIG. 136. With 4-level WiB, the effective data transmis- 
sion quantity is 5 MHzx4=20 Mbps because the frequency 
utilization efficiency is 4lbits/Hz. A minimum of 15 
Mbps-18 Mbps is required! however, for digital HDTV 
signal transmission. Because there is no spare capacity with 
4-level VSB, the redundanci used for error correction is 
only 10-20% of the HDTV effective transmission quantity 
as shown in the comparison cnart in FIG. 169. 

With 8-level VSB, the effective data transmission quantity 
is 5 MHzx6=30 Mbps because the frequency utilization 
efficiency is 5 bits/Hz. While lsMbps-18 Mbps is required 
for digital HDTV signal transntssion as described above, 
when using 8-level VSB modulation, more than 50% of the 
actual HDTV signal transmission quantity can be used for 
error correction coding as shown In FIG. 169. As shown by 
error rate curves 805 and 806 intFIG. 161, the error rate 
relative to the same C/N value in tie transmission system is 
less with TCM 8-level VSB than Vvith 4-level VSB, even 
through error correction code gaimis greater with 8-level 
VSB than with 4-level VSB, because significantly more 
error correction coding can be added with 8-level VSB 
during ground station broadcasting onsame-data-rate HDTV 
digital signals using the 6-MHz bans. As a result, 8-level 
VSB with high code gain error correction coding also has the 
effect of enabling a larger service area for ground station 
HDTV broadcasts than does 4-leve\ VSB. While the 
increased size of the error correction circuits required with 
8-level VSB does increase the complexity of the receiver 
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circuitry, the droit scale of the equalizer in the receiver is 
significantly srmller than that of receivers using QAM 
modulation, whic h contains a phase component, because 
VSB and ASK ire amplitude modulation methods. As a 
result, an 8-level VSB circuit board containing the error 
correction circuit is smaller than an equivalent 32-level 
QAM board with the same transmission capacity. 

A digital HD'H receiver with an appropriate circuit scale 
and a large grout d station broadcasting service area can 
therefore be achie fed using 8 -level VSB. 

Note that the E ZC 744a and trellis encoder 744b in the 
transmitter and rec eiver block diagrams of FIG. 84 for the 
present embodiment, FIGS. 131, 137, 156, and 157 for 
embodiment 6, anc FIG. 144 for embodiment 9 are used as 
examples of the sp< cific error correction method, and the 4-, 
8-, and 16-Ievel V 5B modulator 749 described with refer- 
ence to FIG. 61 are used for transmission. The VSB 
demodulator 760 d< scribed with reference to FIG. 63 is used 
in the receiver to generate the digital reception data by 
means of the 4-, 8-, and 16-level level slicer 757 from the 4-, 
8-, and 16-level VSi 5 signal. After error correction by means - 
of the trellis decode 759b and ECC decoder 759a, described 
below with referenc ; to FIG. 84 for the present embodiment, 
and FIGS. 131, 13 \ 156, and 157 for embodiment 6, a 
digital HDTV signal is generated by the image expander of 
the image decoder 4^2, and the digital HDTV signal is then 
output. 

160(a) and (b) described below with 
, the ECC encoder 744a uses a Reed- 
and interleaver 744k, and uses a 
I Reed-Solomon decoder 759/ for the 
pplying interleaving as described in 
the previous embodiment improves resistance to transmis- 
sion system noise sucq as burst error. 

Code gain can be further increased and the error rate 
decreased by using a trellis encoder as shown in FIGS. 
128(a), (6), (c), (d), (e)l and (/). A ratio 2/3 trellis encoder 
744b and decoder 759tt as shown in FIG. 172 are most 
appropriate with 8 -level VSB because of 3 bits/symbol 
coding. The data quantity is compressed 2/3 in this case. 

The embodiments have been described using primarily 
the example of a multilevel (hierarchical) digital television 
signal. While an ideal broadcasting format can be achieved 
using a multilevel signal, the image compression circuit and 
modulator/demodulator circuits become more complex, and 
are therefore not preferable\due to cost for the start of new 
broadcasting services. As described at the beginning of the 
fifth embodiment, a broadcasting system with a simple 
television circuit can be achieved by using a signal-signal 
interval D=Lq, i.e., an equal iAterval, in the 4-leveI VSB and 
8-level VSB signals and a non-multilevel television trans- 
mission, and by simplifying the circuit shown in FIG. 137 as 
shown in FIG. 157. Once the HDTV format is in common 
use, it is then possible to change to a hierarchical 8-level 
VSB transmission format. 

Four- and 8-level VSB have\been described above, and 
16- and 32-level VSB are described below with reference to 
FIGS. lS9{a)-(b). FIG. 159(a)lshows the 16-level VSB 
constellation. As shown in FIG. I59(fc), the signal between 
two signal points is grouped into\ eight groups 722a-722A; 
which are treated as eight signal points and can be treated as 
8-level VSB signals to enable a two-stage multilevel trans- 
mission. In this case, multilevel transmission can be 
achieved with time division multiplexing even when inter- 
mittently transmitting an 8-level VSB signal. The maximum 
data rate with this method is 2/3. In FIG. 157(c), the data is 
further grouped into four groups 723\i-723^, which can be 
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handled as 4-level\VSB signals adding one more level to the 
hierarchy. While the maximum data rate drops with time 
division muluplexl transmission of 4-level VSB' signals, 
multilevel transmisjsion is possible with 3-stage multilevel 
VSB transmission. \ 

With this methoo, a multilevel transmission whereby 
8-level VSB or 4-leVel VSB data can be reproduced when 
the C/N ratio of the\16-level VSB data deteriorates can be 
achieved. By doubling the signal points of the 16-level VSB 
format as shown in FIG. 159(d), 32-level VSB transmission 
is enabled. When 16-level VSB capacity is increased in the 
future, this method will maintain compatibility while mak- 
ing it possible to obtain a 6-bit/symbol data capacity. 

By summarizing the above, the VSB receiver shown in 
the block diagram oflFIG. 161 and the VSB transmitter 
shown in the block didgram of FIG. 162 can be achieved. 

While 4-level VSB dnd 8-level -VSB are used by way of 
example above, 16-level VSB as shown in FIGS. 159(a)-(c) 
can also be used for transmission. With 16-level VSB, a 
40-Mbps transmission capacity can be used with a 6-MHz . 
band in ground station broadcasting. Because the data rate of 
the HDTV digital compression signal is 15-18 Mbps using 
the MPEG standard, there is excessive reserve in the trans- 
mission capacity. As shown in FIG. 169, redundancy 
100% or greater, redundancy is therefore too great for 
transmitting one channel fiigital HDTV, and the circuitry is 
simply made more complex with little additional advantage 
gained over 8-level VSB. In addition, 16-level VSB redun- 
dancy is only about 10%, The same as 4-level VSB redun- 
dancy, in ground station HDTV broadcasting of two pro- 
grams with 16-lcvel VSB. a result, the service area is 
reduced because sufficient error correction coding cannot be 
applied with two-program \ 16-level VSB. As described 
before, sufficient error correction cannot be applied with 
4-level VSB because the redundancy R 4 =10-20% and the 
service area is limited. As will be known from FIG. 169, 
sufficient error correction coping can be achieved with 
8-level VSB because the reciindancy R 8 =50%. A broad 
service area can also be achieved without significantly. 

In particular, the arrangement of the video encoder 401 of 
the third embodiment shown ik FIG. 30 is replaced by a 
modification of the block diagrafn of FIG. 69. The operation 
of the modified arrangement ii similar and will not be 
explained in greater detail. Two video signal divider circuits 
404 and 404a which may be subVband filters are provided 
forming a divider unit 794. The divider unit 794 may also be 
arranged more simple a shown in tne block diagram of FIG. 
70, in which a signal passes across one signal divider circuit 
two times at time division mode. More specifically, a video 
signal of e.g. HDTV or super HDTM from the input unit 403 
is time-base compressed by a time-base compressor 795 and 
fed to the divider circuit 404 wherelit is divided into four 
components, H^V^-H, H„V r H, and H^V^H, and H^- 
H, at a first cycle. At the time, four switches 765, 765a, 7656, 
and 765c remain turned to the position 1 so that H^V^H, 
H w V r H, and H^V^H, are transmitted to a compressing 
circuit 405. Meanwhile, H^V r H is fid back through the 
terminal 1 of the switch 765c to the time-base compressor 
795. At a second cycle, the four switches 765, 765a, 765b, 
and 765c turned to the position 2 and all the four compo- 
nents of the divider circuit 404 are sirrkiltaneously trans- 
ferred to the compressing circuit 405.\Accordingly, the 
divider unit 769 of FIG. 70 arranged rbr time division 
processing of an input signal can be constructed in a simpler 
dividing circuit form. \ 

At the receiver side, such a video decodeAas described in 
the third embodiment and shown in FIG. 30 is needed for 
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three-level transm ssion of a video signal. More particularly, 
a third video dec< der 423 is provided which contains two 
mixers 556 and 5 56a. of different processing capability as 
shown in the blocc diagram of FIG. 71. 

Also, the third video decoder 423 may be modified in 
which the same act on is executed with one single mixer 556 
as shown in FIG. 'fa. At the first timing, five swatches 765, 
765a, 765£>, 765c, 765d remains turned to the position 1. 
Hence, H^V^ H L vL H^V^ and are fed from a first 
522, a second 522a, a third 522b and a fourth expander 522c 
to through their resjpetive switches to the mixer 556 where 
they are mixed to a single video signal. The video signal 
which represents /^-H of an input high resolution video 
signal is then fed ba< k through the terminal 1 of the switch 
ISSd to the terminal 2 of the switch 765c. At the second 
timing, the four swit< hes 765, 765a, 7656, 765c are turned 
to the point 2. ThuJ, H^V^H, H^-H, H^V^-H, and 
:d to the mixer 556 where they are 
mixed to a single viddo signal which is then sent across the 
terminal 2 of the sw^ch 765a* to the output unit 554 for 
further delivery. 

In this manner of tide division processing of a three-level 
signal, two mixers cam be replaced with one mixer. 

More particularly, four components H^V^, H^V/,, H^V^ 
and H„V„ are fed to droduce H L V^-H at the first timing. 
Then, H^V^-H, H„V r H, and H^V^H are fed at the second 
timing delayed from the first timing and mixed with H t V L -H 
to a target video signal. It is thus essential to perform the two 
actions at an interval of time. 

If the four components are overlap each other or are 
supplied in a variable sequence, they have to be time-base 
adjusted to a given sequence through using memories 
accompanied with their ^respective switches 765, 765a, 
765fc, and 765c. In the forgoing manner, a signal is trans- 
mitted from the transmitter\at two different timing periods as 
time-base controlling circuit is 
is thus arranged more compact. 

is the first data stream of a 
, H £ V„ H^V,,, and H„V„are 
period of first liming. Then, 
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expanded during the feeding of the 
completion of processing the component 810, the succeed- 
ing component 810a is fed. Hencei the expander 503 can 
process a row of the components al time intervals by the 
same time division manner as of the mixer, thus substituting 
for the simultaneous operation of a number of expanders. 

FIG. 75 is a time-base assignment of data components of 
an HDTV signal, in which H^VJl) of kn NTSC component 
of the first channel signal for a TV proVram is allocated to 
a data domain 821 of D t signal. Also.yH^V^, H,/V^ and 



H„V W carrying HDTV additional comp 



pnents of the first 
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channel signallare allocated to three domains 821a, 8216, 
and 821c of D 2 signal respectively. There are provided other 
data components 822, 822a, 8226, and 822c between the 
data component ; of the first channel signal which can thus 
be expanded wit i an expander circuit during transmission of 
the other data. Hence, all the data components of one 
channel signal vill be processed by a single expander 
capable of opera ing at a higher speed. 



Similar effects 



will be ensured by assignment of the data 



components to ot ler domains 821, 821a, 8216, and 821c as 
shown in FIG. 7p. This becomes more effective in trans- 
mission and receition of a common 4 PSK or ASK signal 
having no differeit digital levels. 

FIG. 77 showsla time-base assignment of data compo- 
nents during physical two-level transmission of three dif- 
ferent signal level data: e.g. NTSC HDTV, and super HDTV 
or low resolution INTSC, standard resolution NTSC, and 
HDTV. For example, for transmission of three data compo- 
nents of low resolution NTSC, standard NTSC, and HDTV, 
the low resolution INTSC or H L V L is allocated to the data 
domain 821 of D t signal. Also, H^V^, H^, and H^V^ of 
the standard NTSC component are allocated to three 
domains 821a f 8216, 821c respectively. H^V^H, H^-H, 
and H /y V /r H, of the HDTV component are allocated to 
domains 823, 823a,jand 8236 respectively. 

Here, as shown by the block diagrams of FIGS. 156 and 
170, a logic level arrangement based on discrimination in the 
error correction capability as described in the second 
embodiment is addedjlo 4 VSB or 8 VSB. More particularly, 
H/V,. is carried on channel of the D x signal. The D ul 
channel is higher in the error correction capability than D,_ 2 
channel, as described [in the second embodiment. The D,.j • 
channel is higher in the redundancy but lower in the error 
rate than the D t , 2 channel and the date 821 can be recon- 
structed at a lower C/Nt rate than that of the other data 821a, 
8216, and 821c. More ' specifically, a low resolution NTSC 
component will be reproduced at a far location from the 
transmitter antenna or in a signal attenuating or shadow area, 
e.g. the interior of a vehicle. 

In view of the error rate, the data 821 of D,., channel is 
less affected by signal interference than the other data 821a, 
8216, and 821c of D lm2 ".channel, while being specifically 
discriminated and stayed in a different logic level, as 
described in the second embodiment. While Dj and D 2 are 
divided into two physically different levels, the levels deter- 
mined by discrimination )of the distance between error 
correcting codes are arranged differently in the logic level. 

The demodulation of D 2 data requires a higher C/N rate 
than that for D ( data. In action, H^V^ or low resolution 
NTSC signal can at least be reproduced in a distant or lower 
C/N service area. H L V„, H^V^, and H^V,, can in addition 
be reproduced at a lower C/N area Then, at a high C/N area, 
H/V//- H » H^V^-H, and H^V^-H components can also be 
reproduced to develop an HDTV signal. Accordingly, three 
different level broadcast signals can be played back. This 
method allows the signal receivable area shown in FIG. 53 
to increase from a double region to a triple region, as shown 
in FIG. 90, thus ensuring a higher opportunity for enjoying 
TV programs. \ 

FIGS. 78 is a block diagram of the third video decoder 
arranged for the time-base assignment of data shown in FIG. 
77, which is similar to that shown in FIG. 72 except that the 
third input 551 for D 3 signal is eliminated and the arrange- 
ment shown in FIG. 74(a) is added. 

In operation, both the Di and Designate arc fed through 
two input units 521 and 530 respectively to a switch 812 at 
the first timing. As their components including H^V^ are 
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time divided, they are transferred in a sequence by the 
switch 812 to an ex )ander 503. This sequence will now be 
explained referring to the time-base assignment of FIG. 77. 

of HiVjl of the first channel is first fed 



A compressed form 
to the expander 50: \ 
HjAV, and H„V* 



where it is expanded. Then, H L V„, 
ire expanded. All the four expanded 
components are sent through a switch 812a to a mixer 556 
where they are mixc 1 to produce H^V^-H. H^V^-H is then 
fed back from the te minal 1 of a switch 765a through the 
input 2 of a switch 7( 5 to the H L V L input of the mixer 556. 

At the second timir g, H^H, H„V r H, and H^V^H of 
the D 2 signal shown in FIG. 77 are fed to the expander 503 
where they are expanded before transferred through the 
switch 821a to the mi cer 556. They are mixed by the mixer 
556 to an HDTV sign tl which is fed through the terminal 2 
of the switch 765a to t le output unit 521 for further delivery. 
The time-base assignn ent of data components for transmis- 
sion, shown in FIG. 71 , contributes to the simplest arrange- 
ment of the expander ind mixer. Although FIG. 77 shows 
two, Dj and D 2 , signa levels, four-level transmission of a 
TV signal will be feasi >le using the addition of a D 3 signal 
and a super resolution -IDTV signal. 

FIG. 79 illustrates a time-base assignment of data com- 
ponents of a physical tl ree-level, D,, D 2 , D 3 , TV signal, in 
which data components 3f the same channel are so arranged 
as not to overlap with cne another with time. FIG. 80 is a 
block diagram of a modified video decoder 423, similar to 
FIG. 78, in which a thirdanput 521a is added. The time-base 
assignment of data components shown in FIG. 79 also 
contributes to /the simple! construction of the decoder. 

The operation of theimodified decoder 423 is almost 
identical to that shown ill FIG. 78 and associated with the 
time-base assignment shAwn in FIG. 77 and will not be 
explained in greater detail. It is also possible to multiplex 
data components on the b, signal as shown in FIG. 81. 
However, two data components 821 and 822 have increased 
error correction capability Ithan the other data components 
821a, 8126, and 812c, thus! staying at a higher signal level. 
More particularly, the data assignment for transmissions 
made in one physical level out two logic level relationship. 
Also, each data component of the second channel is inserted 
between two adjacent data components of the first channel 
so that serial processing can Be executed at the receiver side 
and the same effects as of the time-base assignment shown 
in FIG. 79 will thus be obtained. 

The time-base assignment of data components shown in 
FIG. 81 is based on the logicUevel mode and can also be 
carried in the physical level mode when the bit transmission 
rate of the two data componenta821 and 822 is decreased to 
Vi or Vi thus to lower the error rate. The physical level 
arrangement consists of three different levels. 

FIG. 82 is a block diagram of another modified video 
decoder 423 for decoding of Ithc D, signal time-base 
arranged as shown in FIG. 81, which is simpler in construc- 
tion than that shown in FIG. 80. Ik operation is identical to 
that of the decoder shown in f\g. 80 and will not be 
explained in greater details. 

As understood, the time-base assignment of data compo- 
nents shown in FIG. 81 also contributes to the similar 
arrangement of the expander and mixer. Also, four data 
components of the D t signa] are fed at respective time slices 
to a mixer 556. Hence, the circuitry arrangement of the 
mixer 556 or a plurality of circuit blocks such as provided 
in the video mixer 548 of FIG. 32 may be arranged for 
changing the connection therebetween corresponding to 
each data component so that they become compatible in time 
division operation and thus, minimized in\circuitry construc- 
tion. 
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Accordingly, the re :eiver can be minimized in the overall 
construction. 

It would be unden :ood that the fifth embodiment is not 
limited to ASK modu! ation and the other methods including 
PSK and QAM modi 1 ation, such as described in the first, 
second, and third embodiments, will be employed with equal 
success. I 

Also, FSK modulation will be eligible in any of the 
embodiments. For exa nple, the signal points of a multiple- 
level FSK signal cons sting of four frequency components 
Fl, f2, f3, and f4 arc < ivided into groups as shown in FIG. 
58 and when the dis ance between any two groups are 
spaced from each oti er for ease of discrimination, the 
multi-level transmissicn of the FSK signal can be imple- 
mented, as illustrated i i FIG. 83. 

More particularly, it is assumed that the frequency group 
841 of fl and f2 is ass gned D,=0 and the group 842 of f3 
and f4 is assigned D x - L. If fl and f3 represent 0 at D 2 and 
fl and f4 represent 1 at p 2 , two-bit data transmission, one bit 
at Dj or D 2 , will be possible as shown in FIG. 83. When the 
C/N rate is high, a combination of D,=0 and D 2 =l is 
reconstructed at t=t3 arid a combination of D x =l and D2=0 
at t=t4. When the C/N fate is low, Dj=0 only is reproduced 
at t=t3 and D,=l at t=t4| In this manner, the FSK signal can 
be transmitted in the multi-level arrangement. This multi- 
state FSK signal transmission is applicable to each of the 
third, fourth, and fifth embodiments. 

The fifth embodimen . may also be implemented in the 
form of a magnetic re> :ord/playback apparatus of which 
block diagram shown in FIG. 84 because its ASK mode 
action is appropriate to magnetic record and playback opera- 
tion, 1 

The effects of television broadcasting using the 8-level 
VSB shown in FIGS. 68(a), (b) t and (c) are described below. 

While the transmitted data quantity is high with 8-level 
VSB, it also has a higher error rate than 4-level VSB for the 
same C/N value. However, in high image quality HDTV 
transmissions, the available transmission capacity makes it 
possible to apply more errorcorrection coding, and the error 
rate can thus be reduced. Vrhis band capacity also enable 
multi-level (hierarchical) television broadcasts and other 
new features in the future. 

The relative effects of 4-l^vel, 8-level, and 16-level VSB 
arc described below. 
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signal transmission. Because there is no spare capacity with 
4-level VSB, the redundancy used for error correction is 
only 10-20% of the HDTV effective transmission quantity 
as shown in the comparison chart in FIG. 169. 

With 8-level VSB, the effective data transmission quantity 
is 5 MHzx6=30 Mbps because jhe frequency utilization 
efficiency is 5 bits/Hz. While 15 Mbps-18 Mbps is required 
for digital HDTV signal transmission as described above, 
when using 8-level VSB modulation, more than 50% of the 
actual HDTV signal transmission quantity can be used for 
error correction coding as shown in ^IG. 169. As shown by 
error rate curves 805 and 806 in FIG. 161, the error rate 
relative to the same C/N value in the transmission system is 
less with TCM 8-level VSB than with 4-level VSB, even 
through error correction code gain is greater with 8-level 
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VSB than with 4-level VSB, because significantly more 
error correction coding can be added with 8-level VSB 
during ground station broadcasting of same-data-rate HDTV 
digital signals using the 6-MHz band. As a result, 8-level 
VSB with high code gain error correction coding also has the 
effect of enabling a larger service area for ground station 
HDTV broadcasts than does 4-level VSB. While the 
increased size of the error correction circuits required with 
8-level VSB does ir crease the complexity of the receiver 
circuitry, the circuit ! cale of the equalizer in the receiver is 
significantly smaller than that of receivers using QAM 
modulation, which contains a phase component, because 
VSB and ASK are i amplitude modulation methods, As a 
result, an 8-level VS B circuit board containing the error 
correction circuit is smaller than an equivalent 32-level 
QAM board with the same transmission capacity. 

A digital HDTV re< eiver with an appropriate circuit scale 
and a large ground nation broadcasting service area can 
therefore be achieved using 8-level VSB. 

Note that the ECC 744a and trellis encoder 744b in the 
transmitter and receiv ;r block diagrams of FIG. 84 for the 
present embodiment, QFIGS. 131, 137, 156, and 157 for 
embodiment 6, and FI( j. 144 for embodiment 9 are used as 
examples of the specifi : error correction method, and the 4-, 
8-, and 16-level VSB modulator 749 described with refer- 
ence to FIG. 61 are used for transmission. The VSB 
demodulator 760 descri >ed with reference to FIG. 63 is used 
in the receiver to gen irate the digital reception data by 
means of the 4-, 8-, and l 6-lcvcl level slicer 757 from the 4-, 
8-, and 16-level VSB signal. After error correction by means 
of the trellis decoder 759f> and ECC decoder 759a, described 
below with reference to ^IG. 84 for the present embodiment, 
and FIGS. 131, 137, 156, and 157 for embodiment 6, a 
digital HDTV signal is generated by the image expander of 
the image decoder 402, and the digital HDTV signal is then 
output. 

As shown in FIGS. 160(a) and (b) described below with 
the sixth embodiment, thc-ECC encoder 744a uses a Reed- 
Solomon encoder 744/ arid intcrleaver 744*, and uses a 
deinterleaver 759Jt and Reed-Solomon decoder 759/ for the 
ECC decoder 759a. Applying interleaving as described in 
the previous embodiment improves resistance to transmis- 
sion system noise such as burst error. 

Code gain can be further increased and the error rate 
decreased by using a trellis encoder as shown in FIGS. 
128(a), (b\ (c), (d), (<?), and. if). A ratio 2/3 trellis encoder 
144b and decoder 159b as shown in FIG. 172 are most 
appropriate with 8-levcl VSB because of 3 bits/symbol 
coding. The data quantity is compressed 2/3 in this case. 

The embodiments have been described using primarily 
the example of a multilevel (hierarchical) digital television 
signal. While an ideal broadcasting format can be achieved 
using a multilevel signal, the image compression circuit and 
modulator/demodulator circuits become more complex, and 
are therefore not preferable due to cost for the start of new 
broadcasting services. As described at the beginning of the 
fifth embodiment, a broadcasting system with a simple 
television circuit can be achieved by using a signal-signal 
interval L^Lq, i.e., an equal interval, in the 4-level VSB and 
8-level VSB signals and a non^muldlevel television trans- 
mission, and by simplifying the circuit shown in FIG. 137 as 
shown in FIG. 157. Once the HDTV format is in common 
use, it is then possible to change to a hierarchical 8-levcl 
VSB transmission format. \ 

Four- and 8-level VSB have been described above, and 
16- and 32-lcvel VSB are described below with reference to 
FIGS. 159(aMfc). FIG. 159(a) shows the 16-level VSB 
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constellation. As sh^wn in FIG. 159(b), the signal between 



two signal points is 
which are treated as 
8-level VSB signals 
mission. In this 
achieves with time 
mittently transmittii 
data rate with this 



grouped into eight groups 722a-722/i, 
eight signal points and can be treated as 
to enable a two-stage multilevel trans- 
dasc, multilevel transmission can be 
Ji vision multiplexing even when inter- 
an 8-level VSB signal. The maximum 
lethod is Vi. In FIG. 157(c). the data is 



further grouped intolfour groups 723a-723</, which can be 
handled as 4-level VSB signals adding one more level to the 
hierarchy. While the maximum data rate drops with time 
division multiplex transmission of 4-level VSB signals, 
multilevel transmission is possible with 3-stage multilevel 
VSB transmission. 

With this method,l a multilevel transmission whereby 
8-level VSB or 4-leval VSB data can be reproduced when 
the C/N ratio of the Ip-level VSB data deteriorates can be 
achieved. By doublinglthe signal points of the 16-level VSB 
format as shown in FI<fi. 159(<f), 32-level VSB transmission 
is enabled. When 16-lavel VSB capacity is increased in the 
future, this method will maintain compatibility while mak- 
ing it possible to obtaii a 6-bit/symbol data capacity. 

By summarizing thelabove, the VSB receiver shown in 
the block diagram of WIG. 161 and the VSB transmitter 
shown in the block diagram of FIG. 162 can be achieved. 

While 4-level VSB arid 8-level VSB are used by way of 
example above, 16-level wSB as shown in FIGS. 159(a)-(c) 
can also be used for transmission. With 16-lcvel VSB, a 
40-Mbps transmission capacity can be used with a 6-MHz 
band in ground station broadcasting. Because the data rate of 
the HDTV digital compression signal is 15-18 Mbps using 
the MPEG standard, therctis excessive reserve in the trans- 
mission capacity. As showri in FIG. 169, redundancy R 16 = 
100% or greater; redundancy is therefore too great for 
transmitting one channel digital HDTV, and the circuitry is 
simply made more complex with little additional advantage 
gained over 8-level VSB. In addition, 16-level VSB redun- 
dancy is only about 10%, the same as 4-level VSB redun- 
dancy, in ground station HDTV broadcasting of two pro- 
grams with 16-lcvel VSB. As a result, the service area is 
reduced because sufficient error correction coding cannot be 
applied with two-program U 6-level VSB. As described 
before, sufficient error correction cannot be applied with 
4-level VSB because the redundancy R 4 =lG-20% and the 
service area is limited. As wml be known from FIG. 169, 
sufficient error correction coping can be achieved with 
8-level VSB because the redundancy R 8 =50%. A broad 
service area can also be achievWj without significantly 

FIG. 84 will now be explainea in more detail. FIG. 174 is 
a block diagram showing a circiitry arrangement of QAM/ 
VSB compatible modulator for multi-level transmission 
according to Embodiment 5. Theunput 742 comprises a first 
data stream 743 and a second data stream 744 which are 
combined by a processor 745 arid then code allocated to 
I-channcl and Q-channel by an I/Q mapping 1000 prior to 
quadrature modulation. For the 
mapping 1000 delivers data on 
channels while the I and Q chanri 
level. For the QAM modulation, 

executed according to the constellafaon diagram. Resultant 
mapped signal outputs of the I/Q mapping 1000 are trans- 
mitted to two FIR filters 1001 and\l002 where they are 
weighted with roll-off characteristics before being supplied 
to DC offsets 1003 and 1004 respectively. In the VSB 
system, the tap coefficient values of thc^FIR filters 1001 and 
1002 are determined so that two filter outputs are orthogonal 
to each other. More particularly, a pair of equal input data 



SB modulation, the I/Q 
fie or I-axis of the two 
^ls are the same in the 
he code assignment is 
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streams are converted by the FIR filters 1001 and 1002 to 
two discrete codd forms which are plotted in orthogonal 
relationship to eaci other in the coordinate. Also, in the VSB 
system, a portion of the carrier is allowed to pass through for 
ease of reproduction at the receiver side. This is done at the 
DC offsets 1003 arid 1004. The tap coefficients of the FIR 
filters 1001 and 1002 are selected with a VSB/QAM selector 
1009 for deternunijig the type of modulation. A control 
output of the QAM/y SB selector 1009 actuates a coefficient 
generator 1008 for producing and delivering given coeffi- 
cients to the two FIR filters 1001 and 1002. Two outputs of 
the DC offsets 1003 and 1004 are fed to a data selector 1005 
tponents are alternately selected to 
VM modulated signal. The resultant 
al of the data selector 1005 is con- 
:cr to its analog form which is further 
utput 748. The action of the data 
led by a four-time symbol frequency 
►plied from a clock generator 1007. 
foregoing compatible hardware 
of producing both QAM and VSB 
lectively determining the coefficient 
values of the coefficient generator 1008. 

FIG. 175 is a block (diagram showing another circuitry 
arrangement of the Q/lM/VSB modulator for multi-level 
transmission according tto Embodiment 5. 1\vo, first and 
second, data streams arc multiplexed by a processor 745 and 
code allocated by an I/O mapping 1000 to the I and Q 
coordinates. Resultant twb, I and Q, channel data outputs of 
the I/Q mapping 1000 are transferred to an I/Q selector 1010 
where one of the I and Q signals is selected using a four-time 
symbol frequency clock produced and supplied from a clock 
generator 1007. The selected channel modulated signal is 
waveform shaped by an HLR filter 1011, digital-to-analog 
converted by a D/A converter 1012, and further transmitted 
through an output 748. 

In this arrangement, the filter circuit is simple as uniaxial 
although the filter processing speed has to be increased to 
two times that of the previous arrangement. 
FIG. 176 illustrates a third Modification of the QAM/VSB 



where their I/Q o 
produce a VSB or 
digital modulated si, 
verted by a D/A convi 
transmitted from 
selector 1005 is com 
clock produced and 

As explained, thi 
arrangement is capabli 
modulated signals by 



modulator of Embodiment 
streams are multiplexed by al 
to an I/Q mapping 1000. 1 an{ 
their respective code points 
subjected to VSB orthogonal ii 
two FIR filters 1026 and 1( 
multipliers 1020 and 1021 



1020 and 1021 are loaded wl 
determined by a cos table II 
respectively to which a quasi- 
counter 1025. Accordingly, the 
multiplied with the cos and sin 
respective multipliers 1020 and 



Two, first and second, data 
rocessor 745 and transferred 
Q channel signals plotted to 
the I/Q mapping 1000 are 
pulse response processing of 
and transmitted to two 
spectively. The multipliers 



different waveform data 
and a sin table 1023 
lamer is supplied from a 
and Q channel signals are 
Egnals respectively at their 
■021. Two modulated out- 



puts of the multipliers 1020 and ll 021 are fed to an adder 
1022 where their I and Q data are combined. A resultant 
composite signal is then converted by a D/A converter 1006 
to its analog form which is furtherMelivered from an output 
748. 

In the third modification, the (krrier frequency of the 
analog modulated signal can be cjianged by varying the 
counting interval of the counter 102 

FIG. 177 is a block diagram showing a Trellis decoder in 
the demodulator. The Trellis encoder 159b explained with 
FIG. 84 may change the coding grainWccording to the level 
of the transmitter side and the conditions of a transmission 
line. Hence, a corresponding Trellis decoder is needed in the 
receiver side. 
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The pcrforma ice of the Trellis decoder depends on how 
a code path is d :termined through internal calculation and 
should be associ ited with some path memories. ' 

The results of :alculation with the Trellis decoder denoted 
by 1030 are sto red in a given number of path memories, 
generally 1032, 1033, and 1034, merged in a path memory 
group 1031. Tie number. of the results is preliminarily 
determined frorr the needs at the receiver side, depending on 
e.g. the transmission channel basis or the broadcasting 
system of a type . For the purpose, an address control signal 
is supplied to a memory address generator 1035 which in 
turn addresses a corresponding one of the path memories to 
select a code pa h. 

This arrangen ent allows the single Trellis decoder 1030 
associated with the plural memories to perform multiple 
characteristics aj acting as a number of the Trellis decoders. 
Thus, demodula or will be reduced in the hardware con- 
struction as compared with a conventional circuit arrange- 
ment where a plurality of the Trellis decoders are coupled in 
parallel for selective use. 

FIG. 178 is a block diagram of a receiver for interception 
of VSB multi-levfcl transmitted signals emitted in the air. It 
digital broadcasting service to eliminate 
nee which is common in the convential 
systems. 

f such an interference, notch filters have 
been used with optimum success. However, any fixed notch 
filter can hardly conduct a frequency offset signal used in the 
conventional analog broadcasting system. The receiver 
shown in FIG. 178[offcrs an improvement An analog or 
antenna 32a is selectively received by 
a extracted by an I/Q detector 1040. 
a frequency error correction signal is 
produced by an AFChetector 1043 from orthogonal data and 
fed back to the tuner P52. The AFC detector 1043 is adapted 
to vary the feedback of the frequency error correction signal 
using an external coptrol. The interference by an analog 
gnal is examined by an interference 
is compared with stored interference 
ion. If the intercepted digital signal 
;erference by an analog signal, it is 
characteristic action of an NTSC 
not, the digital signal is directly 
ting action of the filter 1042. When 



is also essential fd 
any signal interfea 
analog broadcastin 
For elimination I 



digital signal from i 
a tuner 752 and da 1 
During the detection 1 



signal in a detected 
detector 1041 where 
patterns for identific; 
carries a cochannel ii 
subjected to a notch J 
rejection filter 1042. 
passed without the rejt 

the interference detectot 1041 has found an increase of the 
interference in the intercepted signal resulting from the 



ter < 



frequency offset at the 
offset detector 1044 to 
signal via the AFC del 
changing its local oscill; 
interference level measurJ 
is decreased to a poinl 
receiving level of the 
rejection filter 1042 is thi 
its ghost component of 
error ratio) counter 1048 isl 



smitter side, it causes a earner 
iroducc and transmit a command 
:ctor 1043 to the tuner 752 for 
tion frequency. As the result, the 
at the interference detector 1041 
which represents the optimum 
;r. An output signal of the NTSC 
fed to an equalizer 1045 where 
moved. In addition, a BER (bit 
Tovided for detecting remaining 



errors in the equalized signfel and if so, the signal is fed back 
for optimizing the signal (interception in relation to the 
frequency offset. Finally, Ithe equalized signal from the 
equalizer 1045 is transferred to a rotator 1046 for carrier 
pcision 1047 for reproduction of 
; code points. 

her arrangement of the QAM/ 



reproduction and then to a i 
data from the correspondinj 

FIG. 179 illustrates anot 
VSB compatible receiver. 

Intercepted broadcasting 
VSB signals are fed to a 
intermediate frequency signi 



aveforms including QAM and 
^uner 1050. After tuning, an 
of the selected waveform is 
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band rejected by a filtejr (SAW) 10S1 and converted by an 
analog converter 1052 to an A/D converter enable frequency. 
When the selected waveform is a VSB signal , it is subjected 
to uniaxial detection anti AFC detection of a VSB detector 
1054. An A/D converted 1053 digitizes a QAM modulated 
signal directly and a baseband signal extracted from the VSB 
signal. I 

When the digitized sighal is a QAM signal, it is subjected 
to digital AFC action of an AFC 1055, l/Q data reconstruc- 
tion of a QAM detector 1056, and waveform shaping of a 
roll-off filter 1057. The Waveform shaped signal is then 
transmitted to a waveform equalizer 1059 for removal of 
unwanted ghost. The output signal of the equalizer 1059 is 
phase compensated by a carrier recovery 1060 and code 
reconstructed by a decision 1061. Meanwhile, an AGC 
detector 1064 produces an AGC signal and an AFC detector 
1062 calculates a frequency change from the output of the 
carrier recovery 1060. 1 

A code form signal of theldecision 1061 is then transmit- 
ted through a deinterleaver 1065, a Trellis decoder 1066, a 
deinterleaver 1067, and a Reed-Solomon decoder 1068 and 
released after an error correction. 

The VSB signal output of the A/D converter 1053 is 
directly fed to the equalizer 11)59 and then processed in the 
same manner as for the QAM signal. It is also subjected to 
the same error correction as tne QAM signal. 

There is a clock recovery 1058 operable with the entire 
symbols for the QAM signal, for the VSB signal, a clock 
reference signal of a burst fonrlis extracted by a gate signal 
generator from the VSB output signal of the VSB detector 
1054 and fed to the clock recovery 1058 for actuation of its 
PLL. 1 

EMBODIMENT 6 

A sixth embodiment of the present invention is a magnetic 
recording and playback apparatuain which the above trans- 
mission and recording method is employed. Although in the 
fifth embodiment a multiple-levelUsK data transmission is 
described, but it is also feasible in the same manner to adopt 
this invention in a magnetic recoming and playback appa- 
ratus of a multi-level ASK recording system as shown in the 
block diagram of FIG. 173. A multi-level or non-multilevel 
magnetic recording can be realizedky applying the C-CDM 
method of the present invention to RSK, FCK f and QAM, as 
well as ASK. I 

First of all, the method of realizing a multi-level recording 
in a 16 QAM or 32 QAM magnetic recording playback 
apparatus will be explained in compliance with the C-CDM 
method of the present invention. FIG. 84 is a circuit block 
diagram showing a 16 QAM 32 QAM, 4 ASK, 8 ASK, 16 
ASK, 8 PSK system incorporating C-CDM modulator. 
Hereinafter, a QAM system being 1 multiplexed by the 
C-CDM method is termed as SRQAM. FIGS. 137 and 154 
show block diagrams in which SRQAM is applied to the 
transmission system, such as broadcast. 

AS shown in FIG. 84, an input video Signal, e.g. an HDTV 
signal, to a magnetic record/playback apparatus 851 is 
divided and compressed by a video encoder 401 into a low 
frequency band signal through a first iideo encoder 401a 
and a high frequency band signal through a second video 
encoder 4016 respectively. Then, a loW frequency band 
component, e.g. H^V^, of the video sigAal is fed to a first 
data stream input 743 of an input unit 742 and a high 
frequency band component including lL/V// is fed to a 
second data stream input 744 of the sameAThe two compo- 
nents are further transferred to a modulator 749 of a modu- 
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lator/demodulator i nit 852. The first data stream input 743 
adds an error correcting code to the low frequency band 
signal in an ECC 7 13a. On the other hand, the second data 
stream fed into the second data stream input 744 is 2 bit in 
case of 16 SRQAM , 3 bit in case of 36 SRQAM, and 4 bit 
in case of 64 SRC AM. After an error correcting code is 
encoded by an ECC 744a , this signal is supplied to a Trellis 
encoder 744b, such as shown in FIGS. 128(a), (£>), (c) in 
which a Trellis encc ded signal having a ratio 1/2 in case of 
16 SRQAM, 2/3 in :ase 32 SRQAM, and 3/4 in case of 64 
SRQAM, is produc :d. A 64 SRQAM signal, for example, 
has a first data strea n of 2 bit and a second data stream of 
4 bit. A Trellis enco Ier 744a of FIG. 128(c) allows this 64 
SRQAM signal to perform a Trellis encoding of ratio 3/4 
wherein 3 bit data is ronverted into 4 bit data. In the case of 
4 ASK, 8 ASK, and 1 5 ASK. the Trellis encoding at the ratio 
of 1/2, 2/3, and 4/3 can be carried our solely. Thus, redun- 
dancy increases and a data rate decreases, while error 
correcting capability increases. This results in the reduction 
of an error rate-in th i same data rate. Accordingly, trans- 
mittable information s mount of the recording/playback sys- 
tem or transmission s; stem will increase substantially. 

Since the 8 VSB tra emission system described above in 
connection with the ifth embodiment takes 3 bits per 
symbol, the Trellis encoder 744g and the Trellis decoder 
744a with the ratio 2/3 ks shown in FIGS. 128(6), (c) can be 
used, and the entire blof k diagram will be as shown in FIG. 
171. 

It is, however, possible to constitute the first data stream 
input 743 not to includela Trellis encoder as shown in FIG. 
84 of this sixth embodiment because the first data stream has 
low error rate inherently] This will be advantageous in view 
of the simplification of [circuit configuration. The second 
data stream, however, has a narrow inter-code distance as 
compared with the first faata stream and, therefore, has a 
worse error rate. The Trellis encoding of the second data 
stream improves such a worse error rate. It is no doubt that 
an overall circuit configuration becomes simple if the Trellis 
encoding of the first data steam is eliminated. An operation 
for modulation is almost identical to that of the transmitter 
of the fifth embodiment shown in FIG. 64 and will be not be 
explained in greater detail. A modulated signal of the modu- 
lator 749 is fed into a recording/playback circuit 853 in 
which it is AC biased by a bias generator 856 and amplified 
by an amplifier 857a. Thelpafter, the signal is fed to a 



magnetic head 854 for recon 
A format of the recorded 
signal frequency assignment 
SRQAM, signal 859 having a 
information, and also a pilot 
quency 2fc is recorded 



ng onto a magnetic tape 855. 
gnal is shown in a recording 
FIG. 113. A main, e.g. 16 
ier of frequency fc records 
signal 859a having a fre- 
ously. Distortion in the 



simul 

recording operation is lowered ks a bias signal 859a having 
a frequency 2fc is recorded simultaneously. Distortion in the 
recording operation is lowered as a bias signal 859a having 
a frequency f BlAS adds AC bias fir magnetic recording. Two 
of three-level signals shown inVFIG. 113 are recorded in 
multiple state. In order to reproduce these recorded signals, 
two thresholds Th-1-2, Th-2 arekiven. A signal 859 will 
reproduce all of two levels while alsignal 859 will reproduce 
D, data only, depending on C/N\ level of the recording/ 
playback. 

A main signal of 16 SRQAM tyill have a signal point 
assignment shown in FIG. 10. Furthermore, a main signal of 
36 SRQAM will have a signal point assignment shown in 
FIG. 100. When 4 ASK, 8 ASK arelused, the constellation 
will be as shown in FIGS. 58, 68(a) and (£>). In reproduction 
of this signal, both the main signal 8$9 and the pilot signal 



64 



859a are reproduced through the magnetic head 854 and 
amplified by an implifier 8576. An output signal of the 
amplifier 8576 is : ed to a carrier reproduction circuit 858 in 
which a filter 858^ separates the frequency of the pilot signal 
f p having a frequsncy 2f0 and Vi frequency divider 8586 
reproduces a earner of frequency fO to transfer it to a 
demodulator 760 This reproduced carrier is used to 
demodulate the ms in signal in the demodulator 760. Assum- 
ing that a magnetii recording tape 855, e.g. HDTV tape, is 
of a high C/N ratej 16 signal points are discriminatable and 
thus both D, and p 2 are demodulated in the demodulator 



760. Subsequently, 
signals. An HDTV 



a video decoder 402 reproduce all the 
VCR can reproduce a high bit-rate TV 



signal such as 15 M jps HDTV signal. The low the C/N rate 
is, the cheaper the a >st of a video tape is. So far, a VHS tape 
in the market is interior more than 10 dB in C/N rate to a 
full -scale broadcast tape. If a video tape 855 is of low C/N 
rate, it will not be able to discriminate all the 16 or 32 valued 
signal points. There fore the first data stream D, can be 
reproduced, while a > bit, 3 bit, or 4 bit data stream of the 
second data stream D j cannot be reproduced. Only 2 bit data 
stream of the first da a stream is reproduced. If a two-level 
HDTV video signal i i recorded and reproduced, a low C/N 
tape having insuffici< nt capability of reproducing a high 
frequency band video signal can output only a low rate low 
frequency band video signal of the first data stream, spe- 
cifically e.g. a 7 Mop: wide NTSC TV signal. 

As shown in a blocl ; diagram of FIG. 144, a second data 
stream output 759, the iecond data stream input 744, and the 
second video decoder W02a can be eliminated in order to 
provide customers onel aspect of lower grade products. In 
this case, a recording/playback apparatus 851, dedicated to 
a low bit rate, will inclupe a modulator such as a modulated 
QPSK which modulateslor demodulates the first date stream 
only. This apparatus allAws only the first data stream to be 
recorded and reproduce^. Specifically, a wide NTSC grade 
. and reproduced, 
f rate video tape 855 capable of 
signal, e.g. HDTV signal, will be 
uow bit-rate dedicated magnetic 
atus but will reproduce the first 
at is, the wide NTSC signal is 
outputted, while the seconfl data stream is not reproduced. In 
other words, one recording/playback apparatus having a 
complicated configuration! can reproduce a HDTV signal 
and the other recording/playback apparatus having a simple 
configuration can reproduce a wide NTSC signal if a given 
video tape 855 includes thelsame multi-level HDTV signal. 
Accordingly in case of twoVlevel multiple state, four com- 
binations will be realized with prefect compatibility among 
two tapes having different fc/N rates and two recording/ 
playback apparatus having different recording/playback data 
rates. This will bring a remirkable effect In this case, an 
NTSC dedicated apparatus will be simple in construction as 
compared with an HDTV dedicated apparatus. In more 
detail, a circuitry scale of ECBTV decoder will be l A of that 
of HDTV decoder. Thcrefore.la low function apparatus can 
be realized at fairly low cost. Realization of two, HDTV and 
EDTV, types recording/playbatk apparatus having different 
recording/reproducing capability of picture quality will pro- 
vide various type products ranging in a wide price range. 
Users can freely select a tape ambng a plurality of tapes from 
an expensive high C/N rate tapd to a cheaper low C/N rate 
tape, as occasion demands so aslto satisfy required picture 
quality. Not only maintaining berfect compatibility but 
obtaining expandable capability vkll be attained and further 
compatibility with a future systen\ will be ensured. Conse- 



video signal can be reed 
Above-described high \ 
recording a high bit-rate | 
able to use in such a 
recording/playback appa 
data stream D l only. 



for recording/playbdck apparatus. Other recording methods 
will be used in the same manner. For example, a multi-level 
recording will be lealized by use of phase modulation 
explained in the firs : and third embodiments. A recording 
using ASK explaine 1 in the fifth embodiment will also be 
possible. A two or th ee multi-level state will be realized by 
converting present r scording from two-level to four-level 
ASK or to eight-leve I ASK and dividing into two group as 
shown in FIGS. 59(c) and 59(d) or in FIGS. 68(a) and 68(b). 

A circuit block diaj ;ram for ASK will be as shown in FIG. 
173 which is similar] to that disclosed in FIG. 84. By the 
combination of Trel is and ASK, the error rate will be 
reduced. Besides eml odiments already described, a multi- 
level recording will b< also realized by use of multiple tracks 
on a magnetic type. Furthermore, a theoretical multi-level 
recording will feasibldby differentiating the error correcting 
capability so as to discriminate respective data. 

Compatibility with! future standards will be described 
below. A setting of standards for recording/playback appa- 
ratus such as VCR is normally done by taking account of the 
most highest C/N rate tape available in practice. The record- 
ing characteristics of a tape progresses rapidly. For example, 
the C/N rate has been improved more than 10 dB compared 
with the tape used id years ago. If supposed that new 
standards will be established after 10 to 20 years due to an 
advancement of tape property, a conventional method will 
; in maintaining compatibility with 
I old standards, in fact, used to be 
on-compatible with each other. On 
Jce with the present invention, the 
1 established for recording and/or 



encounter with difficult! 
older standards. New : 
one-way compatible or i 
the contrary, in accord 
standards are first of all! 



reproducing the first datalstream and/or second data stream 
on present day tapes. Subsequently, if the C/N rate is 
improved magnificently an future, an upper level data 
stream, e.g. a third data scream, will be added without any 
difficulty as long as the picscnt inventions incorporated in 
the system. For example, k super HDTV VCR capable of 
recording or reproducing tAree-level 64 SRQAM or 8 ASK 
will be realized while maintaining perfect compatibility with 
the conventional standards. l\ magnetic tape, recording first 
to third data streams in compliance with new standards, will 
be able to use, of course, is the older two-level magnetic 
recording/playback apparatus capable of recording and/or 
reproducing only first and se&ond data streams. In this case, 
first and second data stream* can be reproduced perfectly 
although the third data streamtis left non-reproduced. There- 
fore, an HDTV signal can be reproduced. For these reasons, 
the merit of expanding recording data amount while main- 
taining compatibility between^ new and old standards is 
expected. 

Returning to the explanationkf reproducing operation of 
FIG. 84, the magnetic head 854fend the magnetic reproduc- 
tion circuit 853 reproduce a reproducing signal from the 
magnetic tape 855 and feeds it tp the modulation/demodu- 
lation circuit 852. The demodulating operation is almost 
identical with that of first, lhird,\and fourth embodiments 
and will no further be explained. The demodulator 760 
reproduces the first and second daU stream Dj and D 2 . The 
second data stream D 2 is error corrected with high code gain 
in a Trellis-decoder 159b such as aWitabi decoder, so as to 
be low error rate. The video decoqer 402 demodulates D x 
and D 2 signals to output an HDTV Video signal. 

FIG. 131 is a block diagram showing a three-level mag- 
netic recording/playback apparatus in accordance with the 
present invention which includes onfc theoretical level in 
addition to two physical levels. This system is substantially 
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the same as that o f FIG. 84. The difference is that the first 
data stream is furtr er divided into two subchannels by use of 
a TDM in order tc realize a three-level constitution. 

As shown in FIG. 131, an HDTV signal is separated first 
of all into two, medium and low frequency band video 
signals D 10 and D . 2 , through a 1-1 video encoder 401c and . 
a 1-2 video encode ' 401a* and, thereafter, fed into a first data 
stream input 743 c f an input section 742. The data stream 
D,. t having a pic ture quality of MPEG grade is error 
correcting coded w th high code gain in an ECC coder 743a, 
while the data stre am D U2 is error correcting coded with 
normal code gain ii an ECC encoder 7436. D M and Dj. 2 are 
time multiplexed t >gether in a TDM 743c to be one data 
) 2 are modulated into two-level signals 
1 then recorded on the magnetic tape 855 
Sc head 854. 

[ration, a recording signal reproduced 
; head 854 is demodulated into D, and 
demodulator 760 in the same manner as 
' FIG. 84. The first data stream D t is 
3, D,.j and D u2 , subchannels through 
the TDM 758c provided in the first data stream output 758. 
Dj.j data is error corrected in an ECC decoder 758a having 
high code gain. Therefore, D ul data can be demodulated at 
a lower C/N rate as cpmpared with D,. 2 data. A 1-1 video 
decoder 402a decodes the D,. x data and outputs an LDTV 
signal. On the other hand, D x . 2 data is error corrected in an 
ECC decoder 75 86 Having normal code gain. Therefore, 
D t _ 2 data has a threshold value of high C/N rate compared 
with D ul data and thus will not be demodulated when a 
signal level is not large! X> U2 data is then demodulated in a 
1-2 video decoder 4 Q2d and summed with D ul data to 
output an EDTV signal jof wide NTSC grade. 

The second data stream D 2 is Vitabi demodulated in a 
Trellis decoder 7596 andlerror corrected at an ECC decoder 
7 59a. Thereafter, D 2 data is converted into a high frequency 
band video signal througa a second video decoder 4026 and, 
then, summed with T) lml and Dj_ 2 data to output an HDTV 
signal. In this case, a threshold value of the C/N rate of D 2 
hat of C/N rate of Dj_ 2 data. 
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i LDTV signal, will be repro- 
ng a smaller C/N rate. D in and 
J, will be reproduced from a 
J rate. And, D M , Dj_ 2 , and D 2 , 
reproduced from a tape 855 



data is set larger than 
Accordingly, D^ data, i.ei 
duced from a tape 855 hav|j 
Di_ 2 data, i.e. an EDTV : 
tape 855 having a normal ( 
i.e. an HDTV signal, will 
having a high C/N rate. 

Three-level magnetic recording/playback apparatus can 
be realized in this manner. As described in tie foregoing 
description, the tape 855 has on interrelation between C/N 
rate and cost. The present invention allows users to select a 
grade of tape in accordance with a content of TV program 
they want to record because video signals having picture 
qualities of three grades are recorded and/or reproduced in 
accordance with tape cost. 

Next, an effect of multi-level (recording will be described 
with respect to fast feed playback. As shown in a recording 
track diagram of FIG. 132, a recording track 855a having an 
azimuth angle A and a recording track 8556 having an 
opposite azimuth angle B are alternately arrayed on the 
magnetic tape 855. The recording track 855a has a recording 
region 855c at its central portion and the remainder as Dj_ 2 
recording regions 855a*. as denoted in the drawing. This 
unique recording pattern is provkled on at least one of 
several recording tracks. The recording region 855c records 
one frame of LDTV signal. A high frequency band signal D 2 
is recorded on a D 2 recording region\855e corresponding to 
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an entire recording region of the recording track 855a This 
recording format causes no novel effect against a normal 
speed recording/play Hack operation. 

A fast feed reproduction in a reverse direction does not 
allow a magnetic head pace 855/ having an azimuth angle A 
to coincide with the magnetic track as shown in the drawing. 
As the present invention provides the recording region 
8 55c at a central nariow region of the magnetic tape as 
shown in FIG. 132, this region only is surely reproduced 
although it occurs at p predetermined probability. Thus 
reproduced D M signal! can demodulate an entire picture 
plane of the same tima although its picture quality is an 
LDTV of MPEG1 level In this manner several to several 
tens LDTV signals pei second can be reproduced with 
perfect picture images d iring the fast feed playback opera- 
tion, thereby enabling us :rs to surely confirm picture images 
during the fast feed ope; ation. 

A head trace 855# corresponds to a head trace in the 
reverse playback operatic n, from which it is understood only 
a part of the magnetic tra< k is traced in the reverse playback 
operation. The recording ^playback format shown in FIG. 
132 however allows, eien in such a reverse playback 
operation, to reproduce D recording region and, therefore, 
an animation of LDTV g ade is outputted intermittently. 

Accordingly, the preseit invention makes it possible to 
record a picture image cf LDTV grade within a narrow 
region on the recording track, which results in intermittent 
reproduction of almost pirfect still pictures with picture 
quality of LDTV grade during normal and reverse fast feed 
playback operations. Thui, the users can easily confirm 
picture images even in high-speed scaching. 

Next, another method vill be described to respond a 
higher speed fast feed play I ack operation. AD M recording 
region 855c is provided as s Town at lower right of FIG. 132, 
so that one frame of LD' V signal is recorded thereon. 
Furthermore, a narrow Dj.j-D 2 recording region SSSh is 
provided at a part of the V, recording region 855c. A 
subchannel D lml in this regi( n records a part of information 
relating to the one frame of LDTV signal. The remainder of 
the LDTV information is recorded on the D 2 recording 
region 855/ of the Dj.jDJ recording region SSSh in a 
duplicated manner. The subcftannel D 2 has a data recording 
capacity 3 to 5 times as mjuch as the subchannel Dj. r 
Therefore, subchannels D W1 
information of LDTV signal bn a smaller, 1/3EJ/5, area of 
the recording tape. As the heid trace can be recorded in a 
further narrower regions 855M 855/, both time and area are 
decreased into 1/3 e/5 as compared with a head trace time 
Ty,. Even if the trace of head if further inclined by increas- 
ing fast feed speed amount, Whe probability of entirely 
tracing this region will be increased. Accordingly, perfect 
LDTV picture images will be inJermittently reproduced even 
if the fast feed speed is increased up to 3 to 5 times as fast 
as the case of the subchannel DL.j only. 

In case of a two-level VCR.lthis method is useless in 
reproducing the D 2 recording region 855/ and therefore this 
region will not be reproduced jn a high-speed fast feed 
playback operation. On the other hand, a three-level high 
performance VCR will allow users to confirm a picture 
image even if a fast feed playback operation is executed at 
a faster, 3 to 5 times as fast as two-Dpvel VCR, speed. In other 
words, not only excellent picture quality is obtained in 
accordance with the cost but a mkximum fast feed speed 
capable of reproducing picture images can be increased in 
accordance with the cost. 

Although this embodiment utilized a multi-level modula- 
tion system, it is needless to say that j\ normal, e.g. 16 QAM, 
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modulation system c in also be adopted to realize the fast 
feed playback opera Lion in accordance with the present 
invention as long as an encoding of picture images is of 
multiple type. 

A recording metho I of a conventional non-multiple digi- 
tal VCR, in which p cture images are highly compressed, 
disperses video data jniformly. Therefore, it was not pos- 
sible in a fast feed pi lyback operation to reproduce all the 
picture images on a picture plane of the same time. The 
picture reproduced w; s the one consisting of a plurality of 
picture image blocks \ aving non-coincident time bases. The 
present invention, however, provides a multi-level HDTV 
VCR which can reproduce picture image blocks having 
coincided time bases on a picture plane during a fast feed 
playback operation alt lough its picture quality is of LDTV 
grade. 

The three-level reco ding in accordance with the present 
invention will be able to reproduce a high resolution TV 
signal such as HDTV tignal when the recording/playback 
system has a high C/M rate. Meanwhile, a TV signal of 
EDTV grade, e.g. a wi ic NTSC signal, or a TV signal of 
LDTV grade, e.g. a lo v resolution NTSC signal, will be 
outputted when the recording/playback system has a low 
C/N rate or poor function. 

As is described in the Foregoing description, the magnetic 
recording/playback apparatus in accordance with the present 
invention can reproduce! picture images consisting of the 
same content even if C/ll rate is low or error rate is high, 
although the resolution qr the picture quality is relatively 
low. 

EMBODIMENT 7 

A seventh embodiment lof the present invention will be 
described for execution of Jour-level video signal transmis- 
sion. A combination of the four-level signal transmission and 
the four-level video data construction will create a four-level 
signal service area as shown in FIG. 91. The four-level 
service area is consisted df.urom innermost, a first 890c, a 
second 8906, a third 890c, and a fourth signal receiving area 
$90d. The method of developing such a four-level service 
area will be explained in more detail. 

The four-level arrangementlcan be implemented by using 
four physically different levels determined through modu- 
lation or four logic levels defided by data discrimination in 
the error correction capability. [The former provides a large 
difference in the C/N rate between two adjacent levels and 
the C/N rate has to be increased to discriminate all the four 
levels from each other. The latter is based on the action of 
demodulation and a difference irithe C/N rate between two 
adjacent levels should stay at minimum. Hence, the four- 
level arrangement is best constructed using a combination of 
two physical levels and two logicilevels. The division of a 
video signal into four signal level* will be explained. 

FIG. 93 is a block diagram of a divider circuit 3 which 
comprises a video divider 895 andtfbur compressors 405a, 
4056, 405c, and 405d. The video dilider 895 contains three 
dividers 404a, 404&, and 404c whicA are arranged identical 
to the divider circuit 404 of the fitst video encoder 401 
shown in FIG. 30 and will be not be explained in greater 
detail. An input video signal is di video by the dividers into 
four components, H^V^ of low resolution data, H^V^ of 
high resolution data, and H^V^ and\H w V L for medium 
resolution data. The resolution of H^VA is a half that of the 
original input signal. 

The input video signal is first divided &y the divider 4 04a 
into two, high and low, frequency band components, each 
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component beingldivided into two, horizontal and vertical, 
segments. The intermediate between the high and low fre- 
quency ranges is i dividing point according to the embodi- 
ment. Hence, if th ; input video signal is an HDTV signal of 
1000 tine vertical resolution, H^V^ has a vertical resolution 
of 500 lines and ; horizontal resolution of a half value. 

Each of two, horizontal and vertical, data of the low 
frequency compor cnt H^V^ is further divided by the divider 
404c into two fre juency band segments. Hence, an H £> V L 
segment output is 250 lines in the vertical resolution and V* 
of the original horizontal resolution. This output of the 
divider 404c whi ;h is termed as an LL signal is then 
compressed by the compressor 405a to a Dj.i signal. 

The other three ligher frequency segments of H/V^ are 
mixed by a mixer 772c to an LH signal which is then 
compressed by the compressor 4056 to a D|_ 2 signal. The 
compressor 4056 i lay be replaced by three compressors 
provided between tie divider 404c and the mixer 772c. / 
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H W H form the divider 404a are mixed 



by a mixer 772a to i n H^V^-H signal. If the input signal is 
as high as 1000 lint s in both horizontal and vertical reso- 
lution, H^V^-H has 500 to 1000 lines of a horizontal and a 
vertical resolution. H wV^H is fed to the divider 4046 where 
it is divided again info four components. 



Similarly, H L V L fflom 
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After compression, the HL signal 
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or D 2 . t carries a frequency data of more than 500 lines up 
to 750 lines, and HH or eL 2 carries a frequency data of more 
than 750 lines to 1000 lifies so that the divider circuit 3 can 
provide a four-level signal. Accordingly, when the divider 
circuit 3 of the transmitten 1 shown in FIG. 87 is replaced by 
the divider circuit of FIG. 93, the transmission of a four- 
level signal will be implemented. 

The combination of multi-level data and multi -level trans- 
mission allows a video signal to be at steps declined in the 
picture quality in proportion to the C/N rate during trans- 
mission, thus contributing! to the enlargement of the TV 
broadcast service area. At Che receiving side, the action of 
demodulation and reconstruction is identical to that of the 
second receiver of the second embodiment shown in FIG. 88 
and will not be explained in Weater detail. In particular, the 
mixer 37 is modified for vifieo signal transmission rather 
than data communications a|id will now be explained in 
more detail. 

As described in the second 
after demodulated and error 
components D,.„ D,. 2 , D 2 ., 
second receiver 33 of FIG. 

FIG. 94 is a block diagram lof a modified mixer 33 in 
which D M , D,. 2 , D 2 . lf and D 2 . 2 are explained by then- 
respective expanders 523a, 523fl, 523c, and 5234 to an LL, 
and LH, an HL, and an HH sighal respectively which are 
equivalent to those described with FIG. 93. If the bandwidth 
of the input signal is 1, LL has aroandwidth of Vi, LL+LH 
has a bandwidth of Vi> LL+LH+HL has a bandwidth of 
and LL+LH+HL+HH has a bandwidth of 1. The LH signal 
is then divided by a divider 531a ancrmixed by a video mixer 
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548a with the LL signa 
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The video mixer 531a 
decoder 527 of FIG. 32 
detail. Also, the HH sig 
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. An output of the video mixer 548a 
/ L terminal of a video mixer 548c. 
is identical to that of the second 
and will not be explained in greater 
lal is divided by a divider 5316 and 
fed to a video mixer 54i b. At the video mixer 548b, the HH 
signal is mixed with tl e HL signal to an H^V^H signal 
which is then divided by a divider 531c and sent to the video 
mixer 548c. At the video mixer 548c, H^V^H is combined 
with the sum signal of LH and LL to a video output The 
video output of the mixe r 33 is then transferred to the output 
unit 36 of the second re ;eiver shown in FIG. 88 where it is 
converted to a TV signs I for delivery. If the original signal 
has 1050 lines of vertica resolution or is an HDTV signal of 
about 1000 -line resolu ion, its four different signal level 
components can be int< xcepted in their respective signal 
receiving areas shown ii i FIG. 91. 

The picture quality of the four different components will 
be described in more c etail. The illustration of FIG. 92 
represents a combinatior of FIGS. 86 and 91. As apparent, 
when the C/N rate incr;ases, the overall signal level of 
amount of data is increa: ed from 862a* to 862a by steps of 
four signal levels Dj. lf D 2 _„ D 2 . 2 . 

Also, as shown in KEG. 95, the four different level 
components LL, LH, it, and HH are accumulated in 
proportion to the C/N rati. More specifically, the quality of 
a reproduced picture willpe increased as the distance from 
a transmitter antenna becomes small. When L=Ld, LL 
component is reproduced! When L=Lc, LL+LH signal is 
reproduced. When L=Lb, LL+LH+HL signal is reproduced. 
When L=La, LL+LH+HL4HH signal is reproduced. As the 
result, if the bandwidth of the original signal is 1, the picture 
quality is enhanced at X A increments of bandwidth from X A to 
1 depending on the receiving area. If the original signal is an 
HDTV of 1000-line vertical resolution, a reproduced TV 
signal is 250, 50 0, 750, anh 1000 lines in the resolution at 
their respective receiving arias. The picture quality will thus 
be varied at steps depending ton the level of a signal. FIG. 96 
shows the signal propagation of a conventional digital 
HDTV signal transmission I system, in which no signal 
reproduction will be possiblelwhen the C/N rate is less than 
V0. Also, signal interception! will hardly be guaranteed at 
signal interference regions, shadow regions, and other signal 
attenuating regions, denoted bV the symbol x, of the service 
area. FIG. 97 shows the signjal propagation of an HDTV 
signal transmission system of the present invention. As 
shown, the picture quality will! be a full 1000-line grade at 
the distance La where C/N=4, a 750-line grade at the 
distance Lb where C/N=b, a 500-line grade at the distance 
Lc where C/N=c, and a 250-linfe grade are the distance Ld 
where C/N=d. Within the distance La, there are shown 
unfavorable regions where the Qm rate drops sharply and no 
HDTV quality picture will be reproduced. As understood, a 
lower picture quality signal can hpwever be intercepted and 
reproduced according to the multi-level signal transmission 
system of the present invention, iFor example, the picture 
quality will be a 750-line grade all the point B in a building 
shadow area, a 250-line grade at the point D in a running 
train, a 750-line grade at the poinfiF in a ghost developing 
area, a 250-line grade at the point G in a running car, a 
250-line grade at the point L in a heighbor signal interfer- 
ence area. As set forth above, the signal transmission system 
of the present invention allows a 
fully received at a grade in the area 
system is poorly qualified, thus inci 
FIG. 98 shown an example of simul 
four different TV programs, in which 
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C, B, A are transmitted on their respective channels D,. 2 , 
D 2 . 2 while! a program D identical to that of a local 
analogue TV station is propagated on the D,. t channel. 



Accordingly, w] 
simulcast servic< 
distributed on air 
service 



1c the program D is kept available at 
the other three programs can also be 
for offering a multiple program broadcast 



EMBODIMENT 8 



Hereinafter, ar eighth embodiment of the present inven- 
tion will be expl; ined referring to the drawings. The eighth 
embodiment emr, loys a multi-level signal transmission sys- 
tem of the preset t invention for a transmitter/receiver in a 
cellular telephon< system. 

FIG. 115 is i block diagram showing a transmitter/ 
receiver of a potable telephone, in which a telephone 
conversation sound inputted across a microphone 76 2 is 
compressed and coded in a compressor 405 into multi-level, 
D lf D 2 , and D 3 , aata previously described. These D lt D 2 , 
he divided in a time division circuit 765 
into predetermined time slots and, then, modulated in a 
modulator 4 into almulti-level, e.g. SRQAM, signal previ- 
ously described. Thereafter, an antenna sharing unit 764 and 
an antenna 22 transmit a carrier wave carrying a modulated 
signal, which will be intercepted by a base station later 
described and further transmitted to other base stations or a 
central telephone exchanger so as to communicate with 
other telephones. 

On the contrary, the antenna 22 receives transmission 
radio waves from other base stations as communication 
signals from other telephones. A received signal is demodu- 
lated in a multiple-level e.g. SRQAM, type demodulator 45 
into D,, D 2 , and D 3 data A timing circuit 767 detects timing 
signals on the basis of Demodulated signals. These timing 
signals are fed into the time division circuit 765. Demodu- 
lated signals D, , D 2 , and D 3 arc fed into an expander 503 and 
expanded into a sound signal, which are transmitted to a 
speaker 763 and convertec into sound. 

FIG. 116 shows a blockUiagram exemplarily showing an 
arrangement of base stations, in which three base stations 7 
71, 772, and 773 locate at center of respective receiving cells 
768, 769, and 770 of hexagdn or circle. These base stations 
771, 772, and 773 respectiveW has a plurality of transmitter/ 
receiver units 761a-761/ eaca similar to that of FIG. 115 so 
as to have data communication channels equivalent to the 
number of these transmitter/receiver units. A base station 
controller 774 is connected cp all the base stations and 
always monitors a communication traffic amount of each 
base station. Based on the monimring result, the base station 
controller 774 carries out an overall system control includ- 
ing allocation of channel frequencies to respective base 
stations or control of receiving cells of respective base 
stations. 

FIG. 117 is a view showingla traffic distribution of 
communication amount in a conventional, e.g. QPSK, sys- 
tem. A diagram d=A shows data\774a and 7746 having 
frequency utilization efficiency 2 btl/Hz, and a diagram d=B 
shows data 774c of frequency utilization efficiency 2 bit/Hz. 
A summation of these data 774a, 7v4&, and 774c becomes 
a data 774a*, which represents a transmission amount of Ach 
consisting of receiving cells 768 and 770. Frequency utili- 
zation efficiency of 2 bit/Hz is uniformly distributed. How- 
ever, density of population in an actum urban area is locally 
high in several crowded areas 775a, 7756, and 775c which 
includes buildings concentrated. A data 774e representing a 
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communication t affic amount shows several peaks at loca- 
tions just corrcsp mding to these crowded areas 775a, 175b, 
and 775c, in ccntrast with other areas having a small 
communication a nount. A capacity of conventional cellular 
telephone was un formly set to 2 bit/Hz frequency efficiency 
at entire region ss shown by the data 774a* irrespective of 
actual traffic amo mtTF shown by the data 774e. It is not not 
effective to give t le same frequency efficiency regardless of 
actual traffics aiiounL In order to compensate for this 
ineffectiveness, the conventional systems have allocated 
many frequencies to the regions having a large traffic 
amount, increase 1 channel number, or decreased the receiv- 
ing cells thereof, however, an increase of channel number is 
restricted by the requency spectrum. Furthermore, conven- 
tional multi-level; e.g. 16 QAM or 64 QAM, mode trans- 
mission systems i icrease transmission power. A reduction in 
the receiving cell , will induce an increase in number of base 
stations, thus ino easing installation cost 

It is ideal for the improvement of an overall system 
efficiency to incre ase the frequency efficiency of the region 
having a larger traffic amount and decrease the frequency 
efficiency of the i egion having a smaller traffic amount A 
multi-level signal transmission system in accordance with 
the present invention realizes this ideal modification. This 
will be explained! with reference to FIG. 118 showing a 
communication amount & traffic distribution in accordance 
with the eighth en bodiment of the present invention. 

More specifica ly, FIG. 118 shows communication 
amounts of respec ive receiving cells 77027, 768, 769, 770, 
and 770a taken alo lg a line A — A*. The receiving cells 768 
and 770 utilize free uencies of a channel group A, while the 
receiving cells 770 k 769, and 770a utilize frequencies of a 
channel group B which docs not overlap with the cannel 
group A. The base Station controller 774 shown in FIG. 116 
increases or decreases the channel number of these channels 
in accordance with tie traffic amount of respective receiving 
cells. In FIG. 118, a! diagram d=A represents a distribution 
of a communication! amount of the A channel. A diagram 
d=B represents a distribution of a communication amount of 
the B channel. A diagtam d=A+B represents a distribution of 
a communication amount of all the channels. A diagram TF 
represents a communication traffic amount, and a diagram P 
shows a distribution of buildings and population. 

The receiving cells 768, 769, and 770 employ the multi- 
level, e.g. SRQAM, si&nal transmission system. Therefore, 
it is possible to obtain 5 frequency utilization efficiency of 6 
bit/Hz, three times as large as 2 bit/Hz of QPSK, in the 
vicinity of the base stations as denoted by data 776a, 176b, 
and 776c. Meanwhile, Che frequency utilization efficiency 
decreases at steps from d bit/Hz to 4 bit/Hz, and 4 bit/Hz to 
2 bit/Hz, as it goes to suburban area, if the transmission 
power is insufficient, 2 b\t/Hz areas become narrower than 
the receiving cells, denoted by dotted lines 777a, 777fc, and 
777c, of QPSK. However! an equivalent receiving cell will 
be easily obtained by slightly increasing the transmission 
power of the base stations! 

Transmitting/receiving operation of a mobile station 
capable of responding to ap4 SRQAM signal is carried out 
by use of modified QPSK.lwhich is obtained by set a shift 
amount of SRQAM to S=l\ at the place far from the base 
station, by use of 16 SRQAM at a place not so far from the 
same, and 64 SRQAM at trte near place. Accordingly, the 
maximum transmission powVr does not increase as com- 
pared with QPSK. 

Furthermore, 4 SRQAM tyje transmitter/receiver, whose 
circuit configuration is simplified as shown in a block 
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diagram of FIG. 121, will be able to communicate with other 
telephones while maintaining compatibility. That will be the 
same in 1 6 SRQAM ty pe transmitter/receiver shown in a 
block diagram of FIG. 1 22. As a result, three different type 
telephones having different modulation systems will be 
provided. Small in size j rid light in weight is important for 
portable telephones. In his regard, the 4 SRQAM system 
having a simple circuit c >n figuration will be suitable for the 
users who want a smal and light telephone although its 
frequency utilization effic iency is low and therefore the cost 
of a call may increase. In this manner, the present invention 
system can suit a wide v iriety of usage. 

As is explained above, the transmission system having a 
distribution like d=A+B of FIG. 118, whose capacity is 
locally altered, is accom riished. Therefore, an overall fre- 
quency utilization efficiency will be much effectively 
improved if layout of base stations is determined to fit for the 
actual traffic amount dene ted by TF. Especially, effect of the 
present invention will be 1 arge in a micro cell system, whose 
receiving cells are smalle and therefore numerous sub base 
stations are required. Bee ause a large number of sub base 
stations can be easily ins ailed at the place having a large 
traffic amount. 

Next, data assignment < f each time slot will be explained 
referring to FIG. 119, wl erein FIG. 199(a) shows a con- 
ventional time slot and FIG. 119(6) shows a time slot 
according to the eighth en bodiment. The conventional sys- . 
tern performs a down, i.e. from a base station to a terminal 
station, transmission as si own in FIG. 119(a), in which a 
sync signal S is transm ued by a time slot 780a and 
transmission signals to res >ective terminal stations of A, B, 
C channels by time slots 7 t06, 780c, and 780*/ respectively 
at a frequency A. On the Dther hand, an up, i.e. from the 
mobile station to the base s ation, transmission is performed 
in such a manner that a sync signal S, and transmission 
signals of a, b, and c channels are transmitted by time slots 
781a, 7816, 781c, and 78li at a frequency B. 

The present invention, which is characterized by a multi- 
level, e.g. 64 SRQAM, signal transmission system, allows to 
have three-level data consisting of D lf D 2 , and D 3 of 2 
bit/Hz as shown in FIG. 119(6). As both the A l and A 2 data 
are transmitted by 16 SRQAM, their time slots have two 
times the data rate as showA by slots 7826 and 782c and 
7836 and 783c. It means the same quality sound can be 
transmitted half the time. Accordingly, a time width of 
respective time slots 782 andi782c becomes halved. In this 
manner, two times the transmilsion capacity can be acquired 
at the two-level region 776c spown in FIG. 118, i.e. at the 
vicinity of the base station. 

In the same way, time slots ti&2g and lB3g carry out the 
transmission/reception of El data by use of a 64 SRQAM 
signal. As the transmission capacity is three times, one time 
slot can be used for three channels of Ej, E^, and E3. This 
would be used for an area further close to the base station. 
Thus, up to three limes the communication capacity can be 
obtained at the same frequency t 
efficiency, however, would be re 
for enhancing the effect of the pij 
the transmission amount distri 

present invention with the regibnal distributution of the 
actual traffic amount as perfect as possible. 

In fact, an actual urban area consists of a crowded 
building district and a greenbell zone surrounding this 
building area. Even an actual suburb area consists of a 
residential district and fields or a\ forest surrounding this 
residential district. These urban and suburb areas resemble 



ad. An actual transmission 
duced to 90%. It is desirable 
bsent invention to coincide 
ibution according to the 
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the distribution of the TF diagram. Thus, the application of 



the present invention 



will be effective. 



'FIG. 1 20(6). A width 
mately Vi In case of & 
used for reception of Dj 
for transmission to D 1 
becomes approximately 



FIG. 120 is a diagr im showing time slots by the TDMA 
method, wherein FIG. 120(a) shows a conventional method 
and FIG. 120(6) shows the present invention. The conven- 
tional method uses time slots 786a and 7866 for transmis- 
sion to portable phoni :s of A and B channels at the same 
frequency and time sbts 787a and 7876 for transmission 
from the same, as sho vn in FIG. 120(a). 

On the contrary, 16 SRQAM mode of the present inven- 
tion uses a time slot 788a for reception of Aj channel and a 
time slot 788c for trani mission to Al channels as shown in 
of the time slot becomes approxi- 
SRQAM mode, a time slot 788/ is 
i channel and a time slot 7881 is used 
channel. A width of the time slot 
VS. 

In order to save elc :tric power, a transmission of E, 
channel is executed by use of a normal 4 SRQAM time slot 
788 r while reception of pi channel is executed by use of a 
16 SRQAM time slot 788o being a Yi time slot Transmission 
power is surely suppressed, although communication cost 
may increase due to a Idng occupation time. This will be 
effective for a small and light portable telephone equipped 
with a small battery or when the battery is almost worn out. 
As is described in the firegoing description, the present 
invention makes it possible to determine the distribution of 
1 to coincide with an actual traffic 
pasing substantial transmission 
present invention allows base 
to freely select one among two 
ities. If the frequency utilization 
efficiency is lowered, powerlconsumption will be decreased. 
If the frequency utilization efficiency is selected higher, 
communication cost will be saved. Moreover, adoption of a 
4 SRQAM having smaller capacity will simplify the cir- 
cuitry and reduce the size and cost of the telephone. As 
explained in the previous embodiments, one characteristics 
of the present invention is that compatibility is maintained 
among all of associated stations. In this manner, the present 
invention not only increases transmission capacity but 
allows to provide customers a wide variety of scries from a 
super mini telephone to a highlperformance telephone. 



transmission capacity so ; 
distribution, thereby incri 
capacity. Furthermore, thq 
stations or terminal station 
or three transmission capac 



EMBODIMENT 9 

Hereinafter, a ninth embodiment of the present invention 
will be described referring to Ithe drawings. The ninth 
embodiment employs this invention in an OFDM transmis- 
sion system. FIG. 123 is a blo^k diagram of a OFDM 
transmitter/receiver, and FIG. 124 is a diagram showing a 
principle of an OFDM action. An OFDM is one of FDM and 
has a better efficiency in frequency} utilization as compared 
with a general FDM, because an OFDM sets adjacent two 
carriers to be quadrate with each other. Furthermore, OFDM 
can bear multipath obstructions sucti as ghosts and, there- 
fore, may be applied in the future to the digital music 
broadcasting or digital TV broadcasting. 

As shown in the principle cUagrarA of FIG. 124, OFDM 
converts an input signal by a serial to parallel converter 791 
into a data being disposed on a frequency axis 793 at 
intervals of 1/ts, so as to produce subchannels 794a~94e. 
This signal is inversely FFT converted by a modulator 4 
having an inverse FFT 40 into a signal on a time axis 79*9 
to produce a transmission signal 795. This inverse FFT 
signal is transmitted during an effective symbol period 796 
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of the time period is. < \ guard interval 797 having an amount 
tg is provided betwet n symbol periods. 

A transmitting/rece iving action of HDTV signal in accor- 
dance with this ninth embodiment will be explained refer- 
ring to the block diagi am of FIG. 123, which shows a hybrid 
OFDM-CCDM syste n. An inputted HDTV signal is sepa- 
rated by a video encoder 401 into three-level, a low fre- 
quency band D^, a i ledium-low frequency band D,. 2 , and 
a high-medium-low f equency band D 2 , video signals, and 
fed into an input sect on. 

In a first data stream input 743, D lml signal is ECC 
encoded with high coc e gain and Dj. 2 signal is ECC coded 
with a normal code gai i. A TDM 743 performs time division 
multiplexing of D M ai d Dj. 2 signals to produce a Dj signal, 
which is then fed to a ] )j serial to parallel converter 7914 in 
a modulator 852a. D x ;ignal consists of n pieces of parallel 
data, which are input ed into first inputs of n pieces of 
C-CDM modulator 4a 46, — respectively. 

On the other hand, t ic high frequency band signal D 2 is 
fed into a second data stream input 744 of the input section 
742, in which D 2 sigi al is ECC (Error Correction Code) 
encoded in an ECC *344a and then Trellis encoded in a 
Trellis encoder 7446. 1 hereafter, the D 2 signal is supplied to 
a D 2 serial to parallel converter 7916 of the modulator 852a 
and converted into n 
inputted into second 
modulator 4a, 46, — re, 



pieces of parallel data, which are 
nputs of the n pieces of C-CDM 
pectively. 

The C-CDM modulators 4a, 46, 4c — respectively pro- 
duces 16 SRQAM sigrjal on the basis of Dj data of the first 
data stream input and 
input. These n pieces o 
a carrier different fron 



D 2 data of the second data stream 
" C-CDM modulator respectively has 
each other. As shown in FIG. 124, 
carriers 79 4a, 7946, 1 94c, — are arrayed on the frequency 
axis 793 so that adjace nt two carriers are 90°-out-of-phase 
with each other. Thus q-CDM modulated n pieces of modu- 
lated signal are fed irio the inverse FFT circuit 40 and 
mapped from the frequency axis dimension 793 to the time 
axis dimension 790. Thus, time signals 796a, 7966 — , 
having an effective symool length ts, are produced. There is 
provided a guard interval zone 797a of Tg seconds between 
the effective symbol timfc zones 796a and 7966, in order to 
reduce multipath obstruction. FIG. 129 is a graph showing 
a relationship between tiAie axis and signal level. The guard 
time Tg of the guard intbrval band 797a is determined by 
talcing account of multipath affection and usage of signal. By 
setting the guard time Tg longer than the multipath affected 
time, e.g. TV ghost, modulated signals from the inverse FFT 
circuit 40 are converted bv a parallel to serial converter 4e 
into one signal and, then,\ transmitted from a transmitting 
circuit 5 as an RF signal. 

Next, an action of a rebeiver 43 will be described. A 
received signal, shown as time-base symbol signal 796e of 
FIG. 124, is fed into an inpit section 24 of FIG. 123. Then, 
the received signal is converted into a digital signal in a 
demodulator 8526 and further changed into Fourier coeffi- 
cients in a FFT 40a. Thus, Ihe signal is mapped from the 
time axis 799 to the frequency axis 793a as shown in FIG. 
124. That is, the time-base symbol signal is converted into 
frequency-base carriers 794a ,{7946, — . As these carriers are 
in quadrature relationship with each other, it is possible to 
separate respective modulated signals. FIG. 125(6) shows 
thus demodulated 16 SRQAMlsignal, which is then fed to 
respective C-CDM demodulators 45a, 456,— of a C-CDM 
demodulator 45, in which demodulated 16 SRQAM signal is 
demodulated into multi-level sua signals D,, D 2 . These sub 
signals D { and D 2 are further demodulated by a Dj parallel 
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to serial converter 852a and a D 2 parallel to serial converter 
8526 into origin il D, and D 2 signals. 

Since the sign il transmission system is of C-CDM multi- 
level shown in 125(b), both D x and D 2 signals will be 
demodulated un< ler better receiving condition but only D x 
signal will be de nodulated under worse, e.g. low C/N rate, 
receiving conditi >n. Demodulated D, signal is demodulated 
in an output secti m 757. As Dj.j signal has higher ECC code 
gain as compared with the Dj. 2 signal, an error signal of the 
D,.! signal is reproduced even under worse receiving con- 
dition. 

The D,.! signal is converted by a 1-1 video decoder 402c 
into a low frequec :y band signal and outputted as an LDTV, 
and the D! . 2 signal is converted by a 1-2 video decoder 4Q2d 
into a medium frequency band signal and outputted as 
EDTV. 

The D 2 signal iJ Trellis decoded by a Trellis decoder 75 
9b and converted by a second video decoder 402b into a high 
frequency band signal and outputted as an HDTV signal. 
Namely, an LDTVI signal is outputted in case of the low 
frequency band signal only. An EDTV signal of a wide 
NTSC grade is ouTputted if the medium frequency band 
signal is added to the low frequency band signal, and an 
HDTV signal is produced by adding low, medium, and high 
frequency band signals. As well as the previous embodi- 
ment, a TV signal hiving a picture quality depending on a 
receiving C/N rate cap be received. Thus, the ninth embodi- 
ment realizes a novelpiulti-level signal transmission system 
by combining an OhDM and a C-CDM, which was not 
obtained by the OFDM alone. 

An OFDM is certainly strong against multipath such as 
TV ghost because thel guard time Tg can absorb an inter- 
ference signal of multipath. Accordingly, the OFDM is 
applicable to the digital TV broadcasting for automotive 
vehicle TV receivers.l Meanwhile, no OFDM signal is 
received when the C/N rate is less than a predetermined 
value because its signal transmission partem is non of a 
multi-level type. 

However the present invention can solve this disadvan- 
tage by combining thel OFDM with the C-CDM, thus 
realizing a graditional degradation depending on the C/N 
rate in a video signal reception without being disturbed by 
multipath. 

When a TV signal isl received in a compartment of 
vehicle, not only the reception is disturbed by multipath but 
the C/N rate is deteriorated! Therefore, the broadcast service 
area of a TV broadcast station will not be expanded as 
expected if the countermeakure is only for multipath. 
On the other hand, a reqpption of TV signal of at least 
by the combination with the 
DM even if the C/N rate is 
plane size of an automotive 
ian 10 inches, a TV signal of 
satisfactory picture quality. 



LDTV grade will be ensur< 
multi-level transmission G 
fairly deteriorated. As a picl 
vehicle TV is normally less 
an LDTV grade will providi 
Thus, the LDTV grade servii 
TV will largely expanded. If 
frequency band of HDTV sifenal 
technologies cannot prevent c: 
so far. 

Now, an OFDM method of tknsmitting only D,., of low 
frequency band TV signal will be explained below. As 
shown in a block diagram in FIG. 138, a medium frequency 
band component Dj. 2 and a high frequency band component 
D 2 of an HDTV signal are multiplexed in C-CDM modulator 
4a, and then transmitted at a frequency band A through an 
FDM 40d. 



area of automotive vehicle 
OFDM is used in an entire 
present semiconductor 
uitry scale from increasing 
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On the other hand, a signal received by a receiver 43 is 
first of all frequency separated by an FDM 40e and, then,, 
demodulated by alC-CDM demodulator 4b of the present 
invention. Thereafter, thus C-CDM demodulated signal is 
reproduced into medium and high frequency components of 
HDTV in the sanuj way as in FIG. 123. An operation of a 
video decoder 402 lis identical to that of embodiments 1, 2, 
and 3 and will not! be explained in greater detail. 

Meanwhile, the b M signal, a low frequency band signal 
of MPEG 1 grade! of HDTV, is converted by a serial to 
parallel converter 791 into a parallel signal and fed to an 
OFDM modulator 852c, which executes QPSK or 16 QAM 
modulation. Subsequently, the D M signal is converted by an 
inverse FFT 40 into a time-base signal and transmitted at a 
frequency band B through a FDM 4Q& 

On the other hanfl, a signal received by the receiver 43 is 
frequency separated in the FDM 40e and then converted into 
a number of frequency-base signals in an FFT 40a of an 
OFDM modulator 852a*. Thereafter, frequency-base signals 
are demodulated in] respective demodulators 4a, 4b t — and 
arc fed into a parallel to serial converter 882a, wherein a 
D M signal is demodulated. Thus, a D M signal of LDTV 
grade is outputted from the receiver 43. 

In this manner, only an LDTV signal is OFDM modulated 
in the multi-level signal transmission. The method of FIG. 
138 makes it possible to provide a complicated OFDM 
circuit only for an LDTV signal. A bit rate of LDTV signal 
is V*o of that of an HDTV. Therefore, the circuit scale of the 
OFDM will be reduced to l Ao, which results in an outstand- 
ing reduction of overall circuit scale. 

An OFDM signal transmission system is strong against 
multipath and will soon be applied to a moving station, such . 
as a portable TV, an J automotive vehicle TV, or a digital 
music broadcast receiver, which is exposed under strong and 
variable multipath obstruction. For such usages a small 
picture size of less than 10 inches, 4 to 8 inches, is the 
mainstream. It will be thus guessed that the OFDM modu- 
lation of a high resolution TV signal such as HDTV or 
EDTV will bring less effect. In other words, the reception of 
a TV signal of LDTV ,! grade would be sufficient for an 
automotive vehicle TV. 

On the contrary, multipath is constant at a fixed station 
such as a home TV. Therefore, a countermeasure against 
multipath is relatively easy. Less effect will be brought to 
such a fixed station by OFDM unless it is in a ghost area. 
Using OFDM for medium and high frequency band com- 
ponents of HDTV is not advantageous in view of present 
circuit scale of OFDM which is still large. 

Accordingly, the method of the present invention, in 
which OFDM is used only for a low frequency band TV 
signal as sown in FIG. 138, can widely reduce the circuit 
scale of the OFDM to less than Vio without losing inherent 
OFDM effect capable j>f largely reducing multiple obstruc- 
tion of LDTV when received at a mobile station such as an 
automotive vehicle. \ 

Although the OFDM modulation of FIG. 138 is per- 
formed only for D|., signal, it is also possible to modulate 
both D,.j and D H by OFDM. In such a case, a C-CDM 
two-level signal transmission 's used for transmission of 
D M and D,. 2 . Thus, a multi-level broadcasting being strong 
against multipath will be realized for a vehicle such as an 
automotive vehicle. Even in a vehicle, the gradational gradu- 
ation will be realized in such a manner that LDTV and 
SDTV signals are received with picture qualities depending 
on receiving signal level or antenna sensitivity. 

The multilevel signal transmission according to the 
present invention is feasible in this manner and produces 




and the subchanne 
layer 8016. There i 
of between these 
shows an electric 
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various effects as previously described. Furthermore, if the 
multi-level signal ransmission of the present invention is 
incorporated with an OFDM, it will become possible to 
provide a system s rong against multipath and to alter data 
transmission grade in accordance with receivable signal 
level change. 

FIG. 126(a) shov ts another method of realizing the multi- 
level signal transmission system, wherein the subchannels 
794a-794c of the ( )FDM are assigned to a first layer 801a 
s 794a , -794/ are assigned to a second 
i provided a frequency guard zone 802a 
wo, first and second, layers. FIG. 126(b) 
] lower difference 8026 of Pg which is 
provided to differer iate the transmission power of the first 
and second layers 8pla and 8016. 

Utilization of this differentiation makes it possible to 
increase electric power of the first layer 801a in the range 
not obstructing the a lalogue TV broadcast service as shown 
in FIG. 108(O previc usly described. In this case, a threshold 
value of the C/N ratio capable of receiving the first layer 
801a becomes lowerjthan that for the second layer 8016 as 
shown in FIG. 108(tf}. Accordingly, the first layer 801a can 
be received even in a low signal-level area or in a large-noise 
area. Thus, a two-layer signal transmission is realized as 
shown in FIG. 147. T\ds is referred to as Power- Weighted- 
OFDM system (i.e. PW-OFDM) in this specification. If this 
PW-OFDM system isjeombined with the C-CDM system 
previously explained, three layers will be realized as shown 
in FIG. 108(e) and, accordingly, the signal receivable area 
will be correspondingly expanded. 

FIG. 144 shows a specific circuit, wherein the first layer 
data passing through the first data stream circuit 791 a is 
modulated into the carriers f t -f 3 by the modulators 4a-4c 
having large amplitude and, then, are OFDM modulated in 
the inverse FFT 40. On the contrary, the second layer data 
passing through the second data stream circuit 7916 is 
modulated into the carriers f 6 -f 8 by the modulators 4a"-4/ 
having ordinary amplitude and, then, are OFDM modulated 
in the inverse FFT 40. Then, these OFDM modulated signals 
are transmitted from the transmit circuit 5. 

A signal received by the receiver 43 is separated into 
several signals having carriers of fj-f n through the FFT 40a. 
The carriers f^ are demodulated by the demodulators 
45a-45c to reproduce the first data stream D it i.e. the first 
layer 801a On the other hand, the carriers f 6 -f 8 are demodu- 
lated by the demodulators 45o*-45/ to reproduce the second 
data stream D 2 , i.e. the second layer 8016. 

The first layer 801a has so\large electrical power that it 
can be received even in a weak-signal area. In this manner, 
the PW-OFDM system realizes the two-layer multi-level 
signal transmission. If this PW-OFDM is combined with the 
C-CDM, it will become possible to provide 3-4 layers. As 
the circuit of FIG. 144 is identical with the circuit of FIG. 
123 in the remaining operations Wid, therefore, will not be 
explained in greater detail. \ 

Next, a method of realizing a multi-level signal transmis- 
sion in Time- Weighted-OFDM (i!p. TW-OFDM) in accor- 
dance with the present invention will be explained. Although 
the OFDM System is accompanied \vith the guard time zone 
t^ as previously described, adverse affects of ghosts will be 
eliminated if the delay time t M of tne ghost, i.e. multipath, 
signal satisfies the requirement of 0<t f . The delay time \ M 
will be relatively small, for example in the range of several 
microsounds, in a fixed station such as a TV receiver used 
for home use. Furthermore, as its value is constant, cancel- 
lation of ghosts will be relatively easily done. On the 
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contrary, reflected waves will increase in case of a mobile 
station such afc a vehicle TV receiver. Therefore, the delay 
time t^ becomes relatively large, for example in the range of 
several tens rmcrosound. Furthermore, the magnitude of t M 
varies in response to the running movement of the vehicle. 
Thus, cancellation of ghosts lends to be difficult. Hence, the 
multi-level signal transmission is key or essential for such a 
mobile station! TV receiver in order to eliminate adverse 
affection of muitipath. 

The multi-level signal transmission in accordance with 
the present invention will be explained below. A symbol 
contained in the subcannel layer A can be intensified against 
the ghosts by spuing a guard time t ga of the layer A to be 
larger than a gukrd time of the layer B as shown in FIG. 
146. In this manner, the multi-layer signal transmission can 
be realized against muitipath by use of weighting of guard 
time. This systern is referred to as Guard-Time-Weighted- 
OFDM (i.e. QlW-OFDM). 

If the symbol number of the symbol time Ts is not 
different in the liyer A and in the layer B, a symbol time t JO 
of the layer A is Set to be larger than a symbol time t sb of the 
layer B. With this differentiation, a carrier width Afa of the 
carrier A becomes larger than a carrier width Afb of the 
carrier B. (Afa>Afb) Therefore, the error rate becomes lower 
in the demodulation of the symbol of the layer A compared 
with the demodulation of the symbol of the layer B. Thus, 
the differentiatiomof the layer A and B in the weighting of 
the symbol time Ts can realize a two-layer signal transmis- 
sion against muitipath. This system is referred to as Carrier- 
Spacing-Weighted-OFDM (i.e. CSW-OFDM). 

By realizing the two-layer signal transmission based on 
the GTW-OFDM, wherein a low-resolution TV signal is 
transmitted by the layer A and a high-frequency component 
is transmitted by the] layer B, the vehicle TV receiver can 
stably receive the low-resolution TV signal regardless of 
tough ghost. Furthermore, the multi-level signal transmis- 
sion with respect to (i the C/N ratio can be realized by 
differentiating the symbol time t s based on the CSW-OFDM 
between the layers A and B. If this CSW-OFDM is combined 
with the GTW-OFDM, the signal reception in the vehicle TV 
receiver can be further^ stabilized. High resolution is not 
normally required to the 1 ; vehicle TV or the portable TV. 

As the time ratio of the symbol time including a low- 
resolution TV signal is small, an overall transmission effi- 
ciency will not decrease so much even if the guard lime is 
enlarged. Accordingly, using the GTW-OFDM of the present 
invention for suppressing muitipath by laying emphasis on 
the low-resolution TV signal will realize the multi-layer type 
TV broadcast service wherein the mobile station such as the 
portable or vehicle TV receiver can be compatible with the 
stationary station such as the home TV without substantially 
lowering the transmission efficiency. If combined with the 
CSW-OFDM or the C-CDM\as described previously, the 
multi-layer to the C/N ratio can be also realized. Thus, the . 
signal reception in the mobile station will be further stabi- 
lized. ' 

An affection of the multipathl will be explained in more 
detail. In case of muitipath 8l6a, 8106, 810c, and 8104 
having shorter delay time as sriown in FIG. 145(c), the 
signals of both the first and second layers can be received 
and therefore the HDTV signal can be demodulated. On the 
contrary, in case of muitipath 811a, 8116, 811c, and Slid 
having longer delay time as shownVin FIG. 145(6), the B 
signal of the second layer cannot be received since its guard 
time t^ is not sufficiently long. However, the A signal of the 
first layer can be received without being bothered by the 
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multipart! since its guard time t ga is sufficiently long. As 
described abovejthe B signal includes the high-frequency 
component of Ty signal. The A signal includes the low- 
frequency component of TV signal. Accordingly, thevehicle 
TV can reproduce the LDTV signal. Furthermore, as the 
symbol time Tsa |s set larger than symbol lime Tsb, the first 
layer is strong against deterioration of C/N ratio. 

Such a discrimination of the guard time and the symbol 
time is effective] to realize two-dimensional multi-layer 
signal transmission of the OFDM in a simple manner. If the 
discrimination of (guard time is combined with the C-CDM 
in the circuit shdwn in FIG. 123, the multi-layer signal 
transmission effective against both multipath and deteriora- 
tion of ON ratio (will be realized. 
Next, a specifid example will be described below. 
The smaller thejD/U ratio of the receiving signal becomes, 
the larger the multipart! delay time T M becomes. Because, 
the reflected wavelincrcascs compared with the direct wave. 
For example, as Jhown in FIG. 148, if the D/U ratio is 
smaller than 30 dR the delay time T M exceeds 30 us because 
of increase of the reflected wave. Therefore, as can be 
understood from FIG. 148, it will become possible to receive 
the signal even in the worst condition if the Tg is set to be 
larger than 50 us. I 

Accordingly, aslshown in detail in FIGS. 149(a) and 
149(6), three groups of first 801a, second 801*. and third 
801 c layers are assigned in a 2 ms period of 1 sec TV signal. 
The guard times IWa, 797b, and 797c, i.e. Tga, Tgb, and 
Tgc, of these three groups are weighted to be, for example, 
50 microsounds, 5 microsounds, and 1 microsound, respec- 
tively, as shown in tlG. 149(c). Thus, three-layer signal 
transmission effectivt to the multipath will be realized as 
shown in FIG. 150, Wherein three layers 801a, 8016, and 
801c are provided. 1 

If the GTW-OFDMus applied to ass the picture quality, it 
is doubtless I 

At the same time, tthc multi-layer signal transmission 
effective to C/N ratio can be realized. By combining the 
CSW-OFDM and the! CSW-OFDM, a two-dimensional 
multi-layer signal transmission is realized with respect to the 
multipath and the C/N\ ratio as shown in FIG. 151. As 
described previously, itjis possible to combine the CSW- 
OFDM and the C-CDMlof the present invention for pre- 
venting the overall transmission efficiency from being low- 
ered. In the first, 1-2, and 1-3 layers 801a, 851a, and SSlaz. 
the LDTV grade signal tcan be stably received by, for 
example, the vehicle TVyeceiver subjected to the large 
multipath T^ and low C/N ratio. In the second and 2-3 
layers 801b and 8516, the standard-resolution SDTV grade 
signal can be received bytthe fixed or stationary station 
located, for example, in the yinge of the service area which 
is generally subjected to thellower C/N ratio and ghost In 
the third layer 801c which occupies more than half of the 
service area, the HDTV grade signal can be received since 
the C/N ratio is high and the ghost is less because of large 
direct wave. In this manner, aitwo-dimensional multi-layer 
broadcast service effective tolboth the C/N ratio and the 
multipath can be realized by thr combination of the GTW- 
OFDM and the C-CDM or the\ combination of the GTW- 
OFDM and the CSW-C-CDM in accordance with the 
present invention, thus, the present invention realizes a 
two : dimensional, matrix type, rrwlti-layer signal transmis- 
sion system effective to both the C/N ratio and the 194 
multipath, which has not ever bees realized by the prior art 
technologies. \ 

A timing chart of a three level MiDTV, SDTV, LDTV) 
television signal in a two-dimensional multilevel broadcast 
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of three C/N levels and three multipart! levels is shown in 
FIG. 152. As srtown in the figure, the LDTV signal is 
positioned in slot 796al of the first level oflevel A, the level 
with the greatest (resistance to multipath interference; the " 
SDTV synchronization signal, address signal, and other 
important high priority signals are positioned in slot 796a2, 
which has the next greatest resistance to multipath interfer- 
ence, and slot 79<M, which has strong resistance to C/N 
deterioration. The SDTV common signal, i.e., low priority 
signals, and HDTV high priority signals are positioned in 
levels 2 and 3 of 1 svel B. SDTV, EDTV, HDTV, and other 
high frequency coi iponent television signals are positioned 
in levels 1, 2, and 3 of level C. 

As the resistance to C/N deterioration and multipath 
interference increa< es, the transmission rate drops, causing 
the TV signal resoiition to drop, and achieving the three- 
dimensional graceful degradation effect shown in FIG. 153 
and unobtainable with conventional methods. As shown in 
FIG. 153, the three-flimensional multilevel broadcast struc- 
ture of the invention as achieved with three parameters: C/N 
ratio, multipath delay time, and the transmission rate. 

The present embodiment has been described using the 
example of a two-dimensional multilevel broadcast structure 
obtained by combining GTW-OFDM of the invention with 
C-CDM of the invention as previously described, or com- 
bining GTW-OFDM, CSW-C-CDM, but other two-dimen- 
sional multilevel broadcast structures can be obtained by 
combining GTW-OFDM and power-weighted OFDM, or 
GTW-OFDM with oth^r C/N ratio multilevel transmission 
methods. 

FIG. 154 is obtained bV transmitting the power of carriers 
794a, 794c, and 794e wJth less weighting compared with 
carriers 794a, 794a\ and y94/ achieving a two level power- 
weighted OFDM. Two levels are obtained by power weight- 
ing carriers 795c and 795c, which are perpendicular to 
carrier 794a, to carriers 79Sb and 795a\ While a total of four 
levels are obtained, the erJbodunent having only two levels 
is shown in FIG. 154. As known in the figure, because the 
carrier frequencies are distributed, interference with other 
analog transmissions on trk same frequency band is dis- 
persed, and there is minimal adverse effect. 

By using a time positioning varying the time width of 
guard times 797a, 797o, anh 797c for each symbol 796a, 
196b t and 796c as shown in frlG. 155, three-level multipath 
multilevel transmission can me achieved. Using the time 
positioning shown in FIG. 155, the A-, B-, and C-level data 
is distributed on the time axis. yVs a result, even if burst noise 
produced at a specific time i 
prevented and the TV signal i 
interleaving the data from the < 
by interleaving with the A level | 
from bunt noise generated by I 
vehicles can be significantly re 
ers. 

Block diagrams of a specific fecC encoder 744/ and a 
specific ECC decoder 749y are shown in FIG. 160a and FIG. 
160o, respectively. FIG. 167 is la block diagram of the 
deinterleaver 93 6b. The interleave table 954 processed in the 
deinterleave RAM 936a of the dcimerleavcr 936b is shown 
in FIG. 168a, and interleave distance LI is shown in FIG. 
1686. 

Burst noise interference can be r&duced by interleaving 
the data in this way. By using a 4-lelel VSB, 8-level VSB, 
or 16-level VSB transmission apparatus as described in 
embodiments 4, 5, and 6, respectively, and shown in the 
VSB receiver block diagram (FIG. u61) and the VSB 



purs, data destruction can be 
i be stably demodulated by 
LifTerent layers. In particular, 
[lata distributed, interference 
; ignition systems of other 
need in mobile TV receiv- 
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transmitter bio :k diagram (FIG. 162), or by using a QAM or 
PSK transmiss on apparatus as described in embodiments 1 
and 2, respecti rely, burst noise interference can be reduced, 
and television :eception with very low noise levels can be 
achieved in gn und station broadcasting. 

By using 3-bvcl broadcasting by means of the method 
shown in FIG. 155, LDTV grade television reception by 
mobile receiver s, including mobile TV receivers in motor 
vehicles and hind-held portable television sets, can be 
stabilized becai se level A has the effect of reducing burst 
noise interferes e in addition to multipath interference and 
C/N ratio deteri jration. 

The multi-lev< 1 signal transmission method of the present 
invention is inte ided to increase the utilization of frequen- 
cies but may be iuited for not all the transmission systems 
since causing si me type receivers to be declined in the 
energy utilizatioi . It is a good idea for use with a satellite 
communications iystem for selected subscribers to employ 
most advanced trliismitters and receivers designed for best 
utilization of applicable frequencies and energy. Such a 
specific purpose signal transmission system will not be 
bound by the pre; ent invention. 

The present inv mtion will be advantageous for use with 
a satellite or terra trial broadcast service which is essential 
to run in the same standards for as long as 50 years. During 
the service period the broadcast standards must not be 
altered but improvements will be provided time to time 
corresponding to up-to-date technological achievements. 
Particularly, the enehy for signal transmission will surely be 
increased on any satellite. Each TV station should provide a 
compatible service Ifor guaranteeing TV program signal 
reception to any type receivers ranging from today's com- 
mon ones to future apvanced ones. The signal transmission 
system of the present invention can provide a compatible 
broadcast service oflboth the existing NTSC and HDTV 
systems and also, enspxe a future extension to match mass 
date transmission. 

The present invention concerns much on the frequency 
utilization than the energy utilization. The signal receiving 
sensitivity of each receiver is arranged different depending 
on a signal state level to be received so that the transmitting 
power of a transmitter nfteds not be increased largely. Hence, 
existing satellites which! offer a small energy for reception 
and transmission of a sighal can best be used with the system 
of the present invention! The system is also arranged for 
performing the same standards corresponding to an increase 
in the transmission enemy in the future and offering the 
compatibility between olaTand new type receivers. In addi- 
tion, the present invention will be more advantageous for use 
with the satellite broadcast! standards. 

The multi-level signal transmission method of the present 
invention is more preferably employed for terrestrial TV 
broadcast service in which! the energy utilization is not 
crucial, as compared with satellite broadcast service. The 
results are such that the si&nal attenuating regions in a 
service area which are attriblted to a conventional digital 
HDTV broadcast system are considerably reduced in exten- 
sion and also, the compatibility of an HDTV receiver or 
display with the existing NTScWtem is obtained. Further- 
more, the service area is substantially increased so that 
program suppliers and sponsors can appreciate more view- 
ers. Although the embodiments oflhe present invention refer 
to 16 and 32 QAM procedures, other modulation techniques 
including 64, 128, and 256 QAM\will be employed with 
equal success. Also, multiple PSKA ASK, and FSK tech- 
niques will be applicable as described with the embodi- 
ments. 



